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OVERVIEW OF THE NORTH CLACKAMAS SCHOOL DISTRICT 



OVERVIEW OF THE NORTH CLACKAMAS SCHOOL DISTRICT 

General Inforaat ion 

The North Clackamas School District was formed b\ reorganizing 
four elementarv school districts and a union high school district 
in 1^71-72 Geographically , the nearl\ rectangular school district 
occupies approximately fortv-two square miles to the immediate south 
and east of Portland, which is Oregon's largest cnv The district 
encompasses rural, urban, residential, manufacturing, forest, and 
agricultural land The school district estimates a population of 
100,000 and 33,000 residences within its boundaries (Browne 1982) 
Tnere are three incorporated cities within the school district. As 
of 1 Jul\ 1981 the populations of these cities were estimated to be 
17,930 for Milwaukie, 1,480 for Happv Vallev, and 360 for Johnson 
(Center for Population Research and Census 1981) 

The major employers located within the school district, listt ' n 
descending order, are the North Clackamas School District, Omark 
Industries (saw chain), Precision Castparts (steel castparts) , Ford 
Industries (automatic telephone answering systems), and the Kaiser 
Foundation Hospitals. Each of these employs 500 or more personnel 
(Research and Agencv Liason Division 1979-80 and North Clackamas- Count 
Chamber of Commerce 1980). However, the majoritv of the working adult 
who reside within the school district are emploved outside of the 
district (Browne 1982). 
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Educat iona l Facilities 
* 

% 

The educational facilities of^the school district consist of 
nineteen elementary schools, four junior high schools, three high 
schools, and an occupational skills center, where students from the 
three high schools and a nearbv private school can elect to spend a 
portion of their school day for specialized vocational training and 
career education experience The junior high schools include grades 
seven and eight onlv. The high school attendance areas are such that 
each of the high schools receives entering ninth-grade students froir 
se\e,rol of the junior high^^iocls. 

Student Population 
The 1981 fall enrollment of 12,514 kindergarten through gradt 
twtlve students ranked' the North Clackamas School District as the 
fifth largest in Oregon. School district projections Indicate gradual 
grouth in the student population over the next decade. It Is antici- 
pated that the totaj. enrollment will Increase bv approximated fifteen 
percent bv the 19^0-91 school year. With this anticipated growth, the 
total student population will then exceed the previous peak of 14,074, 
which was reached during the 1973-74 school vear (Browne 1982). 

While the vast majorltv of the students attending schools within 
the district reside In a suburban setting, there are approximately 125 
high school students from a rural environment. These students, who live 
bevond the designated urban growth boundary, attend Clackamas High School. 
The school district has a very low minority enrollment, with approximate- 
ly one percent minority students. The composition of this minority 
' Enrollment Is approximately sixty-nine percent Asian, twenty-three 
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percent Hispanic, and eight percent black (Browne 1982). Information 
gathered bv the three high school Guidante Departments provides some 
insight into the postgraduat ion historv of North Clackamas students 
The majority of the graduates pursue some further form of continuing 
education, with forty-nine percent attending colleges and universities 
pre dormant 1\ within the state Another four percent become involved 
in 1 1 chnical /vocat ional training Thirtv-seven percent enter the work 
for^e immediatelv following graduation Military service, homemakinp, 
and other cat egor ies compr 1 se a total of onlv ten pe? cen t 
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. SCIENCE PROGRAM GOAL, MINIMUM GRADUATION COMPETENCIES, 
AND SAMPLE PERFORMANCE INDICATORS 



SCIENTIFIC /TECHNOLOGICAL PROCESSES 

1.7 1 COAL- The atudent will utilize acientific processes. 



Competencies 

1.7.1.1 The ttudent la able to fit en 
organiem, object or aubatance into ■ 
acientific claaaif ication scheme. 

1.7.1.2 The ttudent t it able to make 
laboratory obaervationa and make 
inferancea from theae obaervationa. 



1.7.1.3 The atudent is able to 
communicate acientific concepts 
and ideaa with the teacher and 
fellow atudenta . 

. \ 

1.7.1. U The atudent is able to inter- 
pret dtota and make predictions from 
theae Interpretations. 

1.7.1.5 The atudent ia able to recognize 
variablea end predict what would happen 
when aelected variables are altered. 

1.7.1.6 The atudent is able to aet 
up and complete an experiment. 

1.7.1.7 The student is able to 
recognize and uae acientific 
nodela. 

1.7.1. ft The' atudent ia able to 
deraonatrata * knowledge of the metric 
end uae comon measuring instruments. 



SAMPL r Performance Indicators 

1.7.1.1.1 Given common objecta, the 
atudent will deviae a claaaif Ication 
ayatem that effectively dletinguiahea 

the objects. 

1.7.1.2.1 Given atatmmenta relating 
to a written paragraph, the atudent 
will determine which are infarencea 
end which are obeervetione . 

1.7.1.3.1 Given a aet of data, the 
etudent will conetruct a aimple greph 
to auramarize that deta. 

1.7.1.3.2 Given a liat of vocabulary 
words, the student will correctly 
define 807.. 

1 J.l.i.l Given experimental deta, 
t* Etu'c.t qhall be eble to inter- 
polate anc 1 e>trapolate. 

1.7.1 1 .1 Given an experiment, the 
etuden vilj liat 'the variablee. 



1.7.1 * .1 Civen a laboratory aituetion, 
the tLudent vill aet up an e/periraent. 

1.7.1.7 1 Given a aeriee cf events, 
the s:o>n* will deviae or recognize 
a de- cr structure thay will enable 
the e^cl r ~ be teated oJ explained. 

l,7.1.f I Given an object in the lab, 

the Etut,'. i- - ill appropriately 

meas irt i'.- size and mass in the metric 

ayet.cn. 
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FIRST-LEVEL HIGH SCHOOL SCIENCE COURSES IN THE 
NORTH CLACKAMAS SCHOOL DISTRICT 



FIRST-LEVEL HIGH SCHOOL SCIENCE COl F C .ES IN TW 
NORTH CLACKAMAS SCHOOL DISTRICT 

Overvi eu 

In thi North Clackamas School District, the individual high 
schools are granted fundamental autonom\ relative to the specifics 
of the science curriculum Course offerings, course titles, court,* 
goals, basal textbooks, course content, instructional strateg\, and 
evaluative techniques are the result of decisions made within the 
high school building There is no district level science supervisor 
or coord inator 

The district's framework for high school science is its one 
scienct program goal and eight corresponding minimum graduation 
competencies in icience. The science program goal for instruction in 
grades nine through twelve is "The student will utilize scientific 
processes" ""(North Clackamas School District 1975). The onh other 
guaranteed common characteristic is that all students are required to 
earn one unit of laboratory science credit in order to fulfill 
graduation requirements. The North Clackamas School District does not 
allow credit by examination. 

Each of the high schools operates with a seven period school dav 
and fifty minute class periods. While the buildings vary considerabl\ 
in age, quality, and level of care, the overall science teaching 
facilities have been judged. as adequate for the courses being taught, 



286 

/ 

and the district is considered to be providing the essential teaching 
and learningVmaterials for science (School Standardization Section 1978) 

Science \ourse credit in each high school is granted and recorded 
on a semester basis. Numerical designations following descriptive 
courst titles indicate the semesters available and are sequential 
Co urS es not carr\ing a numerical designation are non-sequential 
Students at Clackamas and Milwaukie High Schools are scheduled for 
saenct classes on ; a full-Year basis At Rex Putnarr High School, a 
complete new scheduling process is undertaken prior to each semester. 
Thf most significant impact of this scheduling difference is that ma^ 
Rex Putnam students will not have the same science instructor for the 
second semester of their first-level sc ience' course. 

Clackamas High School 

The first requirement, fulfilling science courses available at 
Clackamas High School are Biologv 1-2 and Physical Science 1-2. These 
two courses are well established at the school and taught by experienced 
teachers. The courses would probablv be described by most observers a. 
rather tvpical of their tvpe 

Grade nine students who express an interest in electing science 
during their first vear of high school are asked to make aj^ormMtment 
to complete at least one additional vear of science prior to being 
allowed to enroll. The only science course that can be completed in 
grade nine is Physical Science 1-2. The majoritv of the students who 
are enrolled in Physical Science 1-2 and Biologv 1-2 are tenth-grade 
students who are completing their first year of high school science. 
There is no abil itv grouping in either of these courses at Clackamas 
High Sahool . 
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MUvaukle High School 

At Milwaukie High School, all regular grade nine students are > 
en-r oiled in science The options available to them are Biol og\ 1-2, 
Larth and Space Science 1-2, and Integrated Science 1-2 The Biolop 
1-2 and Earth and Space Science 1-2 are^e^l^ established courses taught 
bv exptrienced teachers Th< \ vculd probdbl\ bt consldertd similar t^ 
most high school level courses in those subj ec t -mat t er areas. Ont 
sea ion of each of these classes has been identified as "AA" and 
resrrvrd for h i gh 1 \ motivated students with a particular aptitude for 
science In addition, these students must have completed first-vtar 
al^ebra'in grade eight or be enrolled in it during grade nine. The\ 
must also have a recommendation from thtir Junior high school science 
teacher in order to enroll. The "AA" sections operate under the sart 
planned course statement and use the same basal texts as other sections 

Integrated Science 1-2 was initiated during the 1980-81 school vtai 
b\ a Milwaukie High School science teacher who had completed his student 
teaching experience at Rex Putnam High School. It is basicall> a 
unified science course reiving heavil\ on the student instructional 
materials developed by the science staff at Rex Putnam High School. 
Additional information regarding these materials will be found in the 
discussion of the first-level science courses at Rex Putnam High School- 
Integrated Science 1 was taught for the first three weeks of the 1981-82 
school year by a substitute teacher. During the remainder of that school 
year it was taught by a beginning science teacher who had completed her 
atudent teaching experience at Rex Putnam High School. Prior to the 
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Integrand Science IV- 2 course being initiated at Milvaukie High School, 
a physical science couY^e had been the third science option for gradt 
nine students. 

% Rex Putnan High School 

The onl\ first-level science course that will fulfill the gradu- 
ation requirement at Rex Putnam High School is Science 1-2 It is a 
competencv-based unified science course developed b> the Rex Putnair 
High School science staff over a four year period. The unified science 
approach consists of assembling instructional units around organizing 
themes that are appropriate for viewing the scientific enterprise 
hoi isticall-y (e.g.. major science concepts, science process skills, 
natuSfc phenomena, sc ience/ soc iet \ tvpe problems), and then incorpor- 
*ating learning activities that are dravm from a number of different 
science disciplines. Work was initiated on Science 1-2 in 1976. For 
the prior six years, the first vear of the Portland Project Integrattd 
Science Sequence had been the required science course. This course 
integrated content and^ learning activities from biologv. chemisr.rv. 
phvsics, environmental science, and the behavioral sciences. 

The Science 1-2 student instructional materials are reproduced b\ 

/ 

the school district and made available to students in a three-ring i 
binder. The course is now well established and three of the four staff 
teaching it have had multiple years' experience wi\h the materials. The 
majority of the sttf3*ms enrolled in Science 1-2 are in grade ten. 
Stidents in grade nine wishing to enroll must support their request with 
a positivt recommendation from their grade eight science teacher. There 
is no ability grouping in Science 1-2. 
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Oven Sabln Occupational Skills Center 
WKx.lt the Occupational Skills Center does not havt a Science 
Department or offer what tvpicallv would be considered high school 
Sxleiui classes, several of their vocational clusters offer courses 
t hat ha vt sore component s that art c 1 ost 1 '> related to those in h l g l 
s^v^l si Him classts Amoufi thest classts art Forest Pioducts 1-.. 
\>. ultur.il Occupations, Nurserv and Landscaping, Rlectricitv, 
L 1 1 , t r .mm , s and Health Occupations 1-2 Whilt studeius completmi 

thrst courses well have developed increased knowledge and competent 

l.i s^, aspt^ts of science , none of tht courses fulfill the high school 
gradual l or rt qui rement in scierut ^ 
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PLANNED COURSE STATEMENTS 



1. Clackamas High School Biologv 

2. Clackamas High School Physical Science 
Milwaukie High School Biologv 

Milwaukie High School Earth and Space Science 1 
Milwaukie High School Earth and Space Science 2 



Rex Putnam High School Science 1 (Unified Science) 
Rex Putnam High School Science 2 (Unified Science) 
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CLACKAMAS HIGH SCHOOL BIOE&GY 
PLANNED COURSE STATEMENT 



TITLE: liology AREA: Scientific/Technological Process 

CREDIT: 1.0 SCUOOL : CUS 

PREREQUISITES: Eighth grade competenciea 



- r. PURPOSE . 

To provide the student with a basic understanding of the processes of 
science, their hietory, and rhe uaea of acientific ■ethoda with eaiphaaia 
k on the variety and relationahipa in the plant and animal world and the 
effecta of these relstionships on nan, his society, and hla environment. 



II. COURSE CONTENT: 



1. 


Metric aystex 


7. 


Development and systems 


2. 


Basic chemistry 


8. 


Animal behavior 


3. 


Energy 


9. 


Microbiology 


4. 


Cells 


10. 


Plant taxonomy 


5. 


Genetics and evolution 


11. 


Gardening 


6. 


Animal taxonomy 


12. 


Ecology 



III. LEARNING ACTIVITIES' 

A. Laboratory Inveatigationa (qualitative and quantitative obaervaSlona) , 
ft. Demonatratlona of laboratory procedurea, techniquea, and acientific 
phenomena. 

C. Viaual and auditory aide (overhead projectiona, films snd filmitrips. 
chalkboard, aodele, charta, records, tapes, opsque projections). 
CajDC£ and almulatlona. 
Reading, discussion, and lecture. ^ 
Laboratory write-ups, qulttes, tests. 




ANTICIPATED 



LEARNER OUTCOMES : ^ 



Refer to the listed course goala and performance indicatora on the following 
pagea. 

V. PROCEDURES FOR EVALUATION: * 

In Order to receive a pasting grade the etudent awat accurately complete ^ 

bbZ of the performance Indicatora representing each Basic Course Goal 

(Diatrict Blnlmum compliancies) . ,The D etudent will only be required to 

seet thie requirement. In order to receive an uppers-level grede, a etudent 

Bust meet thie requirement and aleo* complete Watiafactorily a higher percentage 

of the performance Indicators representing the baalc process goala ae well 
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es performance Indicator* representing gosls other then the district 
minlmums The following 1* • breakdown of the percentage requirement* 
for upper-level grade* : 100 - 902 - A, 39 - 80Z - B, 79 - 701 - C. 
Activities by which the *tud«nt will be ssscssed for completion of * 
performancmjlndicstor will Include ob*erv*tlon of cl***room performance, 
test questions (multiple choice, matching, flll-ln, essay), work sheets 
and lsborstory write-ups, and project and llbrsry rcscsrch write-ups. 
The student will be required to sttend clss* regulsrly In order to ful- 
fill the sbove requirements. 



The Bailc Course Cosls listed below ere Involved with the processes of science 
which students sre required to use during this course. These processes spply 
In vsrylng degrees to some or ell Subject Areas (course content). 

1. The student will be able to fit sn organism, object or substance 
Into a scientific clssslf Icetlon scheme. 



froa these observstlons. V 

3. The student will be sble to Interpret dsts end make predictions 
from those Interprets tlons. 

A. The student will be sble to communlcste scientific concepts and 
Idess with the teacher end fellow students. 

5. The student will be sble to recognize s vsrlsble and predict what 
would hsppen when selected vsrlsbles sre sltered. 

6. The student will be sble to set up sn experiment end drew loglcsl 
conclusions from the dsts. 

7. The student will be sble to recognize end use e scientific model. 

8. The student will be sble to use the netric system and common 
aessurlng Instruments. 



BASIC COURSE GOALS* 



2. 





* District mlnlnum competencies 



r 



3 ; 




Sublet Arse Coal - Calls 

ComPStSnclSS 

Ths student will know the basic 
Structure end function of verloue 
types of celle. 



SAMPLE Performance Indlcetore 

Given e llet of orgensllss of 
e cell, the etudent matchss 
eech with e deecrlptlon of ite 

function. 



B.C.C. Ho. 



Glvsn e demonstrstlon of osmosis 
In a csll modsl, ths studsnt 
identifies movement of materials 
end infere reletlonehlpe of con- 
centrations of matarlele to their 
movement. 



2.7 



Subject Ares Coel - Genet Ice end evolution 



Coeipetenclee 



The etudent knows coeemon 
charscterleltce that are 
genetlcelly controlled. 



The etudent knove how the 
structure of the DNA molsculs 
determines the etructure of 
en or gen ism. 



The etudent knove edventegss 
end dlssdventegee of eexuel 
end eeeruel reproduction. 



The etudent will epply Mendel 1 
laws of heredity to eolve 
probleae Involving genetic 
croseee. 



SAMPLE Performance Indlcetore I.C.G. No. 

Given e llet of human 
cherecterletlce, the etudent 
ldentlflee thoee that are 
genetlcelly controlled. 

Civen e group of lndlvlduele, 
the etudent determlnee obeerveble 
differences among them end infere 
genetic control of thoee 
cherecterletlce. 2 

The etudent vrltee e ehort 

eeeey explaining the generel 

method by which DNA end RNA 

work together to repllcete 

protelne. 4,7 

Clven life hletorlee of 

rspreeentetlve orgenlsms 

showing sexual end eeexuel 

reproduction, the etudent will 

distinguish end ezpleln portlone 

of eech type of life cycle which 

vould^be of edventege or dieed- 

ventege to the orgenlem. 2,3,4 

The student predlcte the possible 

percentegee of genotypes end 

phenotypee In e aonohybrld cross. 3 

The etudent ueee e Purine tt squere 
to^llluetrete genetic croeeee. 7 
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The student will seperete 
environmentel and genetic 
fectors that Influence 
development . 



The student designs experiments 
Involving test crosses which will 
reveal genotypes of parental 
rgenlaas. 



Given tobecco seeds which should 
produce e retlo of 3 grean to 1 
albino, the student will deter- 
mine experimen telly the relative 
roles of genetics end environment 
In controlling seedling color. 



2.3.5.6 



The student knows morel, 
ethical, and legel Issues 
Involved In the possible 
uses of genetic engineering. 



The student knows factors 
of the evolutionary 
process which produce 
changes within e species. 



The student knows evidence » 
of events In psst which 
contribute to the theory 
of evolution. 



The student writes e short essey 
explaining advantages and dis- 
advantages of genetic engineering 
and giving his opinion of the 
deslreblllty of Its use. * 

Given descriptions of specific 

populetlons and environmental 

factors affecting them, the student 

determines eurvlvsl ebllltles and 

selective pressures, end predicts 

which populetlons will become 

dominant In en erea. 2,3 

Given sets of green and white 

peper discs thrown randomly on 

e green beckground, the student 

explelns how this can be used 

to represent natursl selection. 7 

Given the fossil evidence of the 
orgenlsms of e pertlculer geologic 
time period, the student recon- 
structs the ecosystem which then 
existed. 2,7 



Subject Aree Gosl - Animal Taxonomy 
Competencies 

The student knows character- 
istics end groupings used to 
organize members of the animal 

kingdom. 



SAMPLE Performance Indicators 1,C.G. Ho. 

Given e vsrlety of animals, the 

student observes their cherecter- 

lstles end uses a dlchotomous 

key to clesslfy them Into their 

proper taxonomlc group (s). 1.2 
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Sublet Area Goal 
Competencies 



Development and lyitni 

SAMPLE Performance Indlcstors 



Tht student knows structural 
and functional characteristics 
of major life process mechanise 
end systems from the simplest 
organism* to the most complex. 



Tht studtnt knows from an 

evolutionary standpoint 
the relationship between 
function end form for the 
major organs snd organelles 

in organisms of vsrying 
complexity . 



The student knows how 
organisms sre sdspted 
to the environment 
in which they live. 



B.C.C. No. 



Civen a microscope and three 
different one-celled organisms, 
the student observes end describes 
obvious life process mechanisms » 
and makes inferences concerning 
operation of less obvious . 
mechanisms* \ 

The student will dissect specimens 
of s squid and a frog snd compsre 
the structursl differences between 
them, while hypothesising possible 
functional differences of orgens. 

The student will trace the 
development of the clrculstory 
system through the various phyla 
of animals. 

The student writes s short esssy 
giving his opinion on tj*e vslue 
to man of an enlsrged cerebrum 
in the brsln ss compered to the 
lack of s nervous system in s 
one-celled orgsnlsm. 

Observing en orgsnlsm in its 
natursl hsbltst, the student 
will describe now the organism 
sppesrs to be sdspted for life In 
its environment. 



Subject Ares Cob la - Animal Behavior 

Competencies SAMPLE Perf oraance-Indlcstors 



I.C.C. No. 



The student knows the types 
of behsvlor shown by snlmals 
snd how these behavior 
pstterna sre scquired. 



The student describes how he might 
teet the hypotheale that unhatched 
chicks detect and remember sounds, 
using the following equipment: 
some fertilised chicken eggs, one 
or two incubator a, and a metronome. 

The student writes s short esssy 
describing social behavior in bees. 
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Subject Arae Coele " Microbiology 

ggggittjmclgg 

Th« etudent knovt the 
structure and function of 
(antral groupt of micro- 
orgtnisns . 



the student knovt and taata 
factora which affect microbial 

population growth. 



SAMPLE Performance Indlcatora B.C.C. Mo. 



The student ia able to claaslfy 
mlcroorganlama from obeerved, 
llluatrated, or daacrlbad 
characterletlca or Ufa 
procaaaea. 



The atudent uaee a drawing aa 
a modal to show the beelc 
etructure of e virue. 

The etudent will eat up an ■ 
experiment to ehow feraente- 
tion ratee in different organ- 
lam. 

The etudent looke at a ring of 
inhibition around a bacteriel 
colony end expleins ite 
exletence. 

Civen en inoculated petrle dleh, 
the etudent ueee antibiotic 
dlece to teet for the moat 
effective entlblotlc egelnet the 
Inocuelted becterle. * 

The etudent writee e ehort 
eeeey deecrlblng how frectlonal 
eterlllxetlon worke. 

The etudent will liet the 
verlebles in en experiment 
teetlng the effecte of chmmicele 
on becterle. 

Given e description of e microbe, 
the etudent claaeifiee it aa a 
virua, fungue, becterle, or 
rlckettelee. 



2,6 



Subject Arte Coel - Plant Taxonomy 
Competencies 

The etudent knove chtracter- 
lstlce tnd grouplngt uttd to 
orgtnlze membere of the plent 
kingdom. 



SAMPLE Performence Indlcetore 

Obeervlng tht chtrtcttrlttlct 
of e veriety of planta, the 
etudent ueee e dlchotomous 
key to cleeelfy eech into ite 
proper taxonomlc group (e). 



B.C.G. No. 



1.2 
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Subject Arte Coal - Gardening 

Coapttt ncles 

The student knows basic 
gardening techniques, garden 
plants, and aethods of 
satisfying plant requirements . 



SAMPLE Performance Indicators 

The student will give an oral 
report on preparation of soil 
for vegetable cultivation. 

Clven an imaginary garden plot 
the student devises a plan for 
preparing and planting the area. 



B.C.C. Mo, 



Subject Area Coal - Ecology 
Competencies 

The student knows character- 
istics of populations and 
factors affecting popula- 
tion changes. 



The student knows how 
energy is transferred 
through food webs or 
chains. 



The student knows the 
various physical and bio- 
logical interactions in 
an ecosystem. 



The student recognises 
various forms of pollution 
and understands their 
effect on the environ- 
ment. 



The student knows environ- 
mental trade-offs that 
must ne made in sc 
land use probli 



*,7 



SAMPLE Performance Indicators B.C.C. No. 

The student performs a study 
of a yeast population and 
determines how this applies 
to the characteristics of 
all population. 

Clven a description of a 
food pyramid the student will 
evaluate and Justify the diminish- 
ing numbers of organisms at each 
level of the pyramid. 



Clven descriptions of relation- 
ships between organisms In a 
community, the student will 
identify then as predatlon, 
parasitism, commensal ism, mutualism, 
or competition. 



1.2 



Observing two different community 
types, the student describes 
abiotic factors which affect the 
type of life which can survive in 
each community. 

The student points out four 
examples of pollution In Clackamas 
County and explains how each affects 
his own life* 



The student plays land use 
simulation games. 



2, A 



3,7 



lolvlng 



ERIC 



The etudent known the poeeible 
effecte of overuee of neturel 
resources cm the environment 
add eoclety. 



Given eveileble dete, the 
•tudent predicte when verioue 
reeourcee will become exhausted. 

Assuming the exhaustion of s 
rssourcs, ths studsnt prsdicts 
•ubstitutions end edjuetmente 
which will heve to be mede on 
•nvironmsntel end soclstsl levele. 



Source of reference: m Tri-County Couree Coele <K - 12) 
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CLACKAMAS HIGH SCHOOL PHYSICAL SCIENCE 



PLANNED COURSE STATME:;TS 

TITLE Physical Science Survey AREA' Science 

CREDIT. 1 0 SCHOOL. CHS 

PREREQUISITES none 

I. PURPOSE 

a. to teach a icientific approach to problem solving 

b. to effectively use the metric system in measuring matter 

c. to separate and identify various types of matter by using 
characteristic properties 

d. to gain insight into the atomic model of matter by use of 
radioactivity, decomposition, and synthesis of substances and 
molecular motion 

e. to become aware of the role of mathematics in qualitative and 
quantitative analysis 

11 . COLRSE CONTNET: 

The course will introduce the student to the measurement, ider.tif icaiion, 
svnthesis, and decomposition of matter by experiments, den -nstrations , 
and discussions of matter. 

111. LEARNING ACTIVITIES: 

a . student experimentation 

b. teacher demonstration 

c. class discussion 

d. film, photographs, and the overhead projector will be used 

to aid in understanding 

1\. ANTICIPATED LEARNER OUTCOMES: 

Minimal competency in an outcome will be noted as a "D". As 
competency improvee, tht ltvtl will bt noted as a "C" t "B", or 
"A" with the highest level being an "A". 

Competencies 

1. To use the metric system to determine the quantity of matter by both 
direct and indirect measurement. 

1. D. Given a rectengualr solid, the student will find its mass, length, 
and vidth to the nearest .1 unit of measurement. 
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J. D Given a liquid, the student will determine its mass and- volume to 
2 the nearest ,1 measurement unit. 

1. C The student will measure the volume of an irregulerly shaped solid 

1 such as »and. 

1. C The student will calculate the voKat of a rectangular solid by 
* multiplication of length, width, and height. 

1. B Given the density of a liquid, a atudent will determine the volume 
by finding the mass and calculating the volume. 

1. A Given an alkaseltzer tablet, the student will dissolve it anc 

determine the mass and volume of gas produced 

2. To write an analysis of an experiment or demonstict.cn 

2. D The student will do an experiment that gives data for formulation 
of a conclusion by using the data found- 

2. C The student will determine the objective, c.nct c_;a and 

formulate a conclusion based upon his <*st a,.o i.. resj , r tc 
object ive . 

3. To be able to separate mattei 

3. D Given a mixture of solids, the s'.dert will separate tJ em ty filtration. 

3 D Given a mixture of liquids, the stuie-t ".II sepa-ate tt em by fractional 

2 distillation. 

3. C Given a mixture of soluble solids, the student will separate 
them by fractional crystallization. 
4. 

3. B Given a mixture of liquids and solids in solution, the student 
1 will separate each from the mixture. 

3. B Given black ink, the student will separate it b> disti.lation and 

chrometography . 

4. To bt abla to Idantify nattar by using characteristic properties 

U. D Given two similar appearing solids, the student w*U distinguish 
between them by density. 

5. Be able to produce compounds and elements and be able to distinguish 
between them 

5. D Given a quantity of sodiun chlorate, the student will decompose 
and produce oxygen and identify it through testing. 



O 1 . '1 

«J *^ yj 
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5. C Using electrolyaia equipment, the atudent will produce hydrogen and 
oxygen and identify them. 

5. B Using data from previously done experiments, the student will 
explain the synthesis of water. 

5. A Given zinc and chlorine, the student will ptoduct zinc chloride 

and identify it as a subatance different than the origianal 

6. To be able to ahow aome effecta of radioactivity 

6. D From a demonstration using a counter source and timer, the 
1 student will explain the difference between actual count and 
background count . 

6. C From data collected in demonstration in class, Lk sturu t will fe i\e 
a simple explanation of the effect of tin,e, distance, «r»d thickness 
of material on radiation count. 

6. B From the data in the sbove, the student v.U sho* the dic-t mathematic- 
al^ of distance, time, and thicicness of suDSiai.ee o r*Jiatiot, count, 

6. A From the above, the atudtnt will expl«*ir the t:.t.: Ji.tauc 

on count by use of the Invdise Square La-J 

* 

7. To be K able to illustrate the law of constant proportion in corpounds 

7. C Shown data from an experiment on the synthesis of wate> 4 tne student 
will explain the concept that wttei is t-?: parts h>d:o^n to cne 
part oxygen by volume. 

7. B The student will synthesize zinc chloride and determine the ration of 

zinc to chlorine and a possible formula. 

8. To determine the approximate size of an atom or molecule 

8. D Given a known volume of oleic scid, the student will compute the 
approximate thickness it has when spread on water and relate this 
to the possible thickness of an atom or molecule. ^ 

6 C Using the principlt of the above competency, the student will 

calculate the approximate volume and mass of a oleic acid molecule. 

8 B Uaing data from competencies above, the student will ^aiculate 

the approximate number of molecules or atoms in a CM of oleic acid. 

8 A Using the principles from the above and textbook, the atudent will 
explain the process used by scientists to determine the , aize of 
polonium and hydrogen atotrs. 
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9. To explain the tffect of molecular motio on nutter 

9. D Given ■ tube of froren bromine and air, the student will explain 
molecular diffuaion of the bromine through the air. 

9. C Using copper sulfite In l Isyered solution, the student will 

explsin the upward diffusion of the copper suliste through the lsyer 
of wster. 

9 B Using s gss model mschine, the student will show relationship of 
densit), pressure snd volume to molecular motion ir a gas. 

9. A The student will explain by construction of a grap 1 , Belt's Law. 
10 To explain some properties of matter and heat 

10 B The student will determine the calories absorb in htcCin^ tuo 

1 beakers of water, one of 100 ml and the otrer of 200 nl, 20 c C. 

10. A The student will determine the specific h-.a: of u.cnni -al b 

experimentation . 

10. A, The student will determine the specific h _t ol .-t;£. ars Ly 

experimentation. 

10. A The student will determine the heat of fasion and vaporization bv 

^ experimentation . 
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MILWAUKIE HIGH SCHOOL BIOLOGY 



PLACED CVJ1~>E STATLXr 



TITLE Eiclog 1-2 ARLA. Scient 1 f ic/Technolo^ical 

CREDIT .bO - . ">0 Pvn C cs*es 
FREHEQl 1SITES . .ion? SCrOOL .D.T 



The btuaent l"iall acquire ar. ncis z-\d sl\ a^prcclatior for t c 

envirownen t . 



II. COURSE CCV.TENT 

Attitudes and values 

Use and care of l.v>oratory equipc^nt 

Metric 3>stc 

Nature of life 

ja*jis - clier.ical and atructjral 

The cell - nutrition, L.ttauO-i.s , gro-t' and reproduction 
Tie continuity of lt r i 

lltreditar\ irn c i^les 
regulation -antLic- 
Applita fcnetlci 

EvoiLt X r '. 

The diversity of life 

rticiojioxo-y. vii uei-ricket:iiae-bacter*a-inf ect ious 

diceaiee-rrot^ ioa fur.gi--al$ae * 
MulticcJ ^ilftr plani„: moss* f tern«-seed slants 

j wertt »rate^ : ipcrn£ei,-cu:.l..iiic/ates rams-oarro .tic vurrs-nullus> s T 

ecliincdem --rtliru^ods 
Vertebi Jtci * primitive chorJataa-* liUes-umphibians -rapt lies -birds-nacrals 
Clarification 

1 uman Irfljtnco on natural i)*t«Q£ 
Careers In the biolopical sciences 



III. LEAKIJI.iG ACTIVITIES : 

Laboratory experiments and exercliei 
Study guldei 
Oral discusclon 
Lecture 

Student prasentation of materiel 
Bringing in related specimens 

Irin^in^ In related news articles 

/ 

arv - 75 



3' » ( • 
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Summarizing TV yrogruns 

Summarizing ScUnce Wjrjd „ (roR REll , TCn CEMTrr OF 

/daptiir garc sluvs, e.£. olo ^du . * 

LEADING OfLY) 
Crossword puztlcs end word ecranbles 
Quisles (orel a J written) 

Answering questions on the bonus point board 

IV. ANTICIPATED LW'E?, 0U:C^SE r .. 

Diitrict conpctencics are indicated by an asterisk (*). 
COAL 1.0 Tn. -tudent will dwlor ;_■«! awaren... of the attitude, of science 

SA'tPLF ferfoHaance Indicator^ 



and assess personal values. 

Competencies 



V 

1.1 The itudant valuei the ability to 
nakc rational anc! informed judgments, 
choices, and decisions. 

1.2 The stuut.it values* LcienUfic 
knowledge ,nd uoces'is w.-ch are reeded 
to validate information ab, ut situations. 

1.3 The studc.t kno ^ t' ■» different 
individual! v^luo differed thin~s iieae, 
and behaHitr^ to e^tiifv es^entielly 
ainilar basic needs. 

1.4 The student is able to eodi.v or 
restructure values ^ be..a-.:r in re. on k e 

to increasing knowledge of situations and self. 

1.5 The student values scientific knowledge 
mnd processes which aid in identifying basic 
needs of our society. 

1.6 The r.tudeot values a -ociet- which provides 
freedon to express an.l cownunicete fecte, ideas, 
and opinions. 

1.7 The student values curiosity: about «elf, 
reality, the future, causes and effects, * 
alternatives, etc. 

!.• The student vnlucs proMem solving . 

1.9 The student velues lives of living organisms. 



0 
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1.10 The studcm valuta tha uniqueness or 
worth of Individual lives. 

•1.11 The student values ope% and accurate 
cosnunlcatlons . 

1.12 The student vitues fie sccepting 
responsibility 'for tic consequences of 
his/her decisions and sctlons. 

1.13 The ^tue'ent valuer cieatlvlty nr.d 
Imagination* th.» p]?A'jre of manipulating 
and extending Ideas. 

l.li- Tne student values a philosophical, 
unhottile sense of hutcr. 

1.15 The student va2uss infonnrtion 
which presents clullente^ to STSuaptlon, 
principles, or valje 1 ci irently considered 
valid (information \'M"h frrces us to 
expand aid r.lt-r currant kno /led < toward 
nore accurste ind ad?iusre representations 
of reillty). 

1.1^ The student value-, the role of 
science in netting society's needs. 

1.17 The student values self. 

•1.18 The strdent Is able, to' list *nr1 
discuss the attitudes ''Men u^d^rli^ 
scientific disc^v^r ■ end ap- 'y tiese 
attitudes to laboratory and study 
situations. 




GOAL 2.0; The student 1* able to use 
Coapetenclss 



1.18.1 Clven a series of specific, 
structured observations the student 
will apply those attitudes which re- 
lets to each observation, e.£. open 
sUnd, curiosity, serendipity, 
Intellectual honesty, respecting the 
opinions of others, making observetlons 
for ontself, Imaglnstlos, etc. 

1.18.2 Given lab exercises and study 
aheets, the student will indicate 
Chose attitudes appropriate to the 
task . 

laboratory equipment effectively and safely. 

} 

SAMPLE Performance Indicators 



2.1 The student aav» the :arma anc 
use^of laboratory equlp'tenc. 



2.1.1 Clven the task, the student will 
identify lab equipment and state its use. 
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2.2 Tat stuJonc it all to use sense 
extending equip-aent effectively t »d 
safely (islcrosc.pt v t tt. eoecope , Itc), 



2.2.1 Given tht tea'.., the student 
will prepere t slide tnd focu.. it 
under tht microscope. 



COAL 3.0. Tht etudunt will effectively ust tht system internetional (nctric). 



Co -petencics 

*3.1 The studtnt knows the mean In : s 
of the term 'Ystisute (-.e. te .e- 
tive Judgoent; appro: lmatf Uttermintt ion 
prior to ectual measurement). 

•3.2 The student is eble to 
deronstretc t knovledee of the 
motric system. 

•3.3 The student is eble to 
epplv metric measurement to the 

miproscope ■ 



SA'TLE Performance Indicetors 

3.1.1 Civea specific tesks, the * 

student will first estir.ntc t \c 

length, mass or volut.c, tSen use 

metric tools to verify the estimations. 

3.2.1 Civen e list of metric tcrai, 
the student will state the English 
equivalent. 

3.3.1 Given the tasks, the student 
wxll estimate focused specimens in 
microns. 

*3.3.2 Given the pooled data froo 
e measured epociren, the student 
will freph the dete, list the 
varieblcs, eliminate veriable*. and 
state the controls used. 



G'JKL 4.0. 



The student will develop an understanding end epprecietion for 
the na.ur of lif^. 



Conpetencies 

4.1 The student is ^ble to denonstrete 
e knowledge of the cht" lc«.1 besis of 
life. 

4.2 The student ic able to demonstrate 
the knowledge of the relation of the 
elements to the energy of living thinps. 



4.3 The student knows that cells 
ere conposed of elements (atons) from 
the earth's etmosphere and crust. 



4.4 The student krous that cells 
ere by definition t.ic be ic units 



SAMPLE Performance Indicators 

4.1.1 Given the task, the student 
will identify elements, compounds, 
mixtures basic to life. 

4.2.1 Given the task, the student 
will trece the sun's energy and stste 
the energy conversions thet maintsln 
life systems. * ^ - 

*4.3.1 - 4.10.1 Civen lab situations, 
the student will set up the labs, 
follow directions, and state the 
conclusions nccessery to eccomplishinfc 
the competency. 



of livinp structures. 




3::'} 
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4.5 T.i* ttudcat Ijiowt th*t In tome 
multicellular orReniema, cells ere 
nut or&aniied ir*t ^ tissue* end organs 
(e.£. or^nltms of tht protlets). 

*4.G T>~t student knows the ptrtt of 
• generalized cell, plant, or animal. 

*<*.7 The student it able to prepsr* 
materials io t zt^t cv nav be teen 

through a microscope. 

4.8 The student is able to diecrininete 
between objerts of biological origin anc 
artiftct of elide preparation while 
looking through a microscope. 

4.9 The atudjnt knows that tone cells 
have no nucleus (e_.£. viruses). 

4.10 T^c student kne -;<; ieodem instru- 
ments uccu to study oolcculsr struct re 
of cells (« j. electron microscope) . 

4.11 ) The student Is able to demonstrate 
s knowledge of cell func.ions. 



4.11.1 Giver, the tssk, the student 
will stste the meanings of terms usc^ 
in bioloyv to identify general cell 
functions me tsbol ism, repro- 
duction, response). 

4.11.2 Given s series of labs, tic 
student vill describe the ■•nvs in 
which substances *»ove through the 
cell ri3i3brar.es <£.£. c'if f u^icn, 

active transport, ingestion, excretion). 

4.11.3 Given the lab, the atudent vill 
atata that the rate of osnosis is 
affected by change of r.anv factors . 
(•.£. tanperature, concentratlcn of 
solution, mambrant peroesblllty, 
energy expended by the cell, size of 
the molecule in the aolute). * 

4.11.4 Given the task, the st icVni 
will stste t'te in terde tendance oV 
livi.it thirds an J their environment 
1&* related to the trans fort ,tion of 
Dnttcr che.nicallv trou one forr to 
anoti.er . 
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4.11.5 Giver, the task, the jtuuent 
will describe tht sequence of caenical 
reactions Involved In photosynthesis. 



GOAL 5.0: The student will develop en understanding of the continuity of life. 



Orretenclcs 

5.1 The student is able to drrwnstrate 
a kno»ltd~- of the basic process of 
Inheritance a.id evolution. 



SAMPLE Performance Indicator s 

5.1.1 Give*- a list of personal traits, 
the student will distinguish beiiee.* 
those which are inherited and those 
which are acquired. 

5.1.2 Given the lavs of heredity, 
the student rill apply then to jenetic 
problems (Punnett square) of fiant 
and animal inheritance. 



5.1.3 Given a series of lab exercises, 
the student will apply the laws of 
heredity to hunan population studies. 

5.1.4 Given the task, the student 
will identify the environmental 
factors that produce mutations, and 
explain their Importance to the sur- 
vival of the mutant. 

5.1.5 Given the task, the student will 

explain the advantages of sexual ^~ 
reproduction and the recombination of I 
tenes which favors biological success. 



•5.2 The student knevs reascr.s for 
the importance of the evolution model 
to biological eclences. 

*5.3 The student kno^k the main 
contributors to our present evolution 
model . 

5. A The student knows that Darwin's 
Theory of natural selection Involves 
such concepts of overpopulation, varia- 
tion, fitness to meet environmental stress, 
inheritance of trait, end genetic 
nutation. 



3' » < 
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COAL e.O: The student will develop en underetanding and appreciation of 
tha diversity of lift. 



Ccrpstsnclss 

*6.1 The atudant la abla to identify 
charactaristica uaad to group planta 
and enlmala. 

6.2 The atudent Is ahla to dsmonetrete 
a knowledge of individual organism on 
taa elngle cell laval . 

6.3 Tha atudant la abla to demonstrate 
a knowledge of how microorganism* affect 
our lives, with special eapheeie on 
infectious dleeasas. 

6.4 The utudent is eble to demonstrsts 
e knowledge of mosses, ferns, end eeed 
pi ante. 



SAMPLE Performance Indlcetors 

•6.1.1 Given e liet of living thi\gs, 
the etudent will identify then 
according to the system of cleeelflcetlon. 

6.2.1 Given e eet of leb exercises, 
the etudent will explore viruses, 
bacterle, protozoa, fungi elgee. 

6.3.1 Given a taek, the etudent will 
relate the economic lnportence of 
mlcroorgsnlsms . 

6.4.1 Given the eerles of labs, the 
etudent will underetsnd the role of 
moeeee, ferae end eced rl*nta in our^ 
environment. 



6.4.2 Given the teak of collecting 
wildf lowers, the etudent will make 
a definitive collection. 



6.5 The student le eb'a to demonetrate 
a knowledge of invertebretes vi^h 
epeclal ecphesis on their value or 
harm to men. 



6.6 The etudent is eble to denonstrete 
e knowledge of the vertebrete world, 
\;ith epecial eophesis on their value 
or hem to sum. 

6.7 The etudent le eble to under- 
etand tha rola of bio tic communities 
in relation to man 'a responsibility 
to hie environment. 



6.5.1 Given a ecrlee of lebe, the 
etudent will explore the invertebrate 
world relating their importance to map. 



6.6.1 Given labs end tesks, the 
etjdent will explore the world of 
rtebretee relating their in.ortance 
n. 



6.7.1 Given examples, the student 
will identify the role of each 
organism in a biotic corraunity. 

6.7.2 Given e tesk, t w e student fill 
identify man 1 ^ reeponsibilit> to his 
environment. 



f>.8 The student knove wey« in which 
hunan activities can modify both the 
qi.r\ntitv and quelity of environmental 
lie' oi s needed foe humn life 
ujirg up resources; disposing of 
u~3:ee; etorlnr end tcetlnf chericel, 
llDlorlcal, end nucleer wje*>ons y . 
\ 
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6.9 The student i« able to evaluate 
his or her own behavior in terms of 
its ^effects or> preeent and future 
environment- 

COAL 7.0: The student ie eble to discover end learn tha Knowledge, skills 
attitudes, and values nece«sery to carry out career decisions 
in the biological sciences. 



V. PIUCEDUKES FOR EMULATION: 

Teacher observation of lab/class perf or~-.ice 
Participating and handinc in all lab wor.. 
Participating In oral discuss ions/teac picstntot ions 
Earning the ainii.ur. of points in quizzes* and te: -s 
Bringing in related Jit ens or epecimcne 
Sucjaariring IV pregianc 
Tarticxpitinp In adapted games 
Landing in all study sheets 

Answering the questions on t\e bonub point board 

liming 602 of the total points possible per quarter to pass 

Attendance: 

Science rcouiies performance. The student nay not be ajlc to accDTplisn 
the above listed competencies unless he/she attend class rfcrularly. 
Any student Ho nlsses 20 or more classes per semester is in jeopard) 
of receiving no credit for biology. 

Responsibility : 

The ctuCent is responsible for all ar ii^raacnts and activities in 
biologv. llc/sie nay make up work a.csed when possible within a 
specif ieu tk.e period ac designated by t\c teacl.cr. :iakc up worl 
and late vork viU pe.;erally receive a lo er R.acc as it soue.incs 
proves that f.ic student has already failed hic/her responsibility 
to the class . 



Reference: Course Coals in Biological and Physical Science 
Tri County Course Goals 



MILWAUKIE HIGH SCHOOL EARTH AND SPACE SCIENCE 1 



PLANNED COURSE STATEMENT 

f 

tITLE: Earth ft Space Science (1st Semester) AREA : 

CREDIT. .05 SCHOOL: M.H.S. 

PREREQUISITES: None 



I. PURPOSE: 

The Earth and Space Science student will acquire a basic knowledge of the 
Earth Sciences, that will Rive him a basis for understanding and Interpre- 
ting his environment. 



II. COURSE CONTENT : 

A. Observing the environment. 

B. Eartb and moon materials. 

C. Chanpe and Earth forces. 

D. Measuring the earth. 

E. Earth and Moon system. 

F. The Sclar System. 

C. Stars and other suns. 

H. Galaxies and the Universe. 

I. Oceans 
J. Weather 



III. LEARNING ACTIVITIES: 

A. Laboratory Investigations 

B. Demonstrations 

C. Audio-visual aided presentations: (overhead, films, filmscrips 
and slides, chalkboard, models, charts, opague projector, records 
and tapes.) 

D. Lecture and discussion 

E. Quizzes and tests 

F. Science notebook 
C. Research psper 



IV. ANTICIPATED LEARNER OUTCOMES: 



PROGRAM GOAL: 1. The student will utilize scientific processes. 

2. The student will acquire a basic knowledge of 
Physical Science. 



0rlg.7t 
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( 

OftSBVIMC TkE HIVUONKENT: 



ComjfeO^enclOt 

A.l The student it eble to make lab- 
oratory obeervetlona and Inferences 
froi these observation*. 



A. 2 Ths ttudast It able to Interpret 
data and sake predictions from tbeae 
Interpretations. 



A. 3 The student Is eble to coamuni- 
cete the scientific concepts end Ideas 
taught In this class with the teacher 
aad other students. 

A. 4 The student Is eble to demonst- 
rate e knowledge of the astrlc system 
and uss coesion meesurlng instrumsnts. 

A.S The student knows ths meanings of 
the term "estimate" ( I.e. tentative 
judgment; spproxiaate d stamina t ion 
prior to actual measurement). 

A. 6 The student is sbls to demon- 
etrete e knowledge of the metric 
eystam. 



SAMPLE Farformanca Indicators 

A. 1.1 Civnn ell the asslfttgLJabora- 
tory experimeote la physical science, w » 
the etudent will cemplsts them alJ^snd 
turn them In at the ssslgmed tl»«B^ 

A. 2.1 Given all the Earth 4 Space 
assignments and experiments, the 
student will complete aad turn then in 
et the designated time. 

A. 2. 2 Given experimental data, the 
etudent ahall be eble to Interpolate 
aad emtrepolate. 

A. 3.1 Given a, eet of data, the student 
will construct s slmpls greph to 
siaamarlss that data. 



A. 4.1 Given an object in the lab, the 
etudent will appropriately aaasure Its 
sits aad mass using the metric units. 

A. 5.1 Given specific tasks, the student 
will first estimate the length, mess or 
volume, then ute metric toolt to verify 
the estimation*. 

A.t.l Given e list of mstrlc terms, 
the etudent will state the English 
equivalent. 



EAJtTH t NOON MATERIALS: 

Competencies I 

1.1 The etudent wlll^uenome eware of 
the varlout aaterlalt of which the 
earth If made, the states of matter 
they as name and their atomic e true tux i. 



1.2 At the and ef thlt etudy the 
student will be able to: 

1. Daacrlbe the eignlflcant 
elallarltlee and dif fereacet 
between the llthoemhere, 



1 AMPLE Forformonco Indicators 

1.1.1 Given a eu est Ion on the propert- 
ies of earth materials the etudent will 
answer them tOX correct , aad hand In 
all labs aad aeslgemants at the appoint 
ad time. 
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hydrosphere, And 
atmosphere. 

2. Classify various earth 
materials According to 
thtlr origin. 

3. Calculate densities, 

using accurate measurements 
of volume and man. 

A. Differentiate among atons, 
element! , molecules, con- 
pounds, minerals, and rocks. 

5. Explain how the characteris- 
tics of minerals Rive clues 
to their atomic atructure. 

6. Discuss the changes In 
minerals caused by their 
environments. 

7. Compare tae importance of 
^rlous elements, such as 
pxygen, on the earth and 
the moon. 



CHANGE AND EARTH FORCES: 



Competencies 

C. 1 The students will be able to 
recognize basic concepts concerning 
energy; how It Is generated, trans- 
ferred and absorbed and basic con- 
cept concerning gravity and 
magnetism. 

C.2 After completing thla atudy 
the student will be able to: 

1. Deacrlbe how heat la gen- 
erated In the aun end 
transferred to the earth. 



SAMPLE Performance Indicators 

C.l.l Given questions on the concepts 
of energy the student will answer 
correctly 60Z of the time, end hand in 
all laba and assignments in the appoint- 
ed time. 



2. Account for the principal 
sources of earth's heat 
energy . 

3* Give exanplee of the three 
ways heat can be transferred 
from one since to another* 
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4. Uae Ncvton'a law of 
' aotlon to account for 
common experiences In- 
volving nnert is , momentum, 
veLftlty, speed, and 
acceleration. 




5./>eecribe the force of 
gravity. 

7 6. Daacrlbe the earth's 

■agnatic field. 



. MEASURING THE EARTH: 
Coapetenclea 

D.l The atudent will gain a per- 
spective about the size and ahape 
of the earth. 



D.2 At the and of thla study the 
atudant will : 

1. Use linear and angular 
■essurcments In establish- 
ing location. 

2. Demonstrate some coaprehes- 
lon of scale and of relation- 
ships between a aodel such aa 
a globa and the earth. 

3. Construct a topographic asp 
froa a three-dia ens tonal aodel 

4. Uae a topographic aap to 
Identify varlatlona In land- 
acapea. 



SAMPLE Performance Indlcatora 

D.l.l Given queatlon on earth 
Beaauraaenta the atudent will answer 
60X correct and hand In all labs snd 
assignments at the appointed tine. 
I 



GOAL: The atudent will gain perapectlvea of the aotlon of the earth-aoon ayatem 
and how these aotlona affect hla Ufa. 



Coapetenclea . 

E.l The atudent la able to daacrlbe 
the aaalc aotlona of the earth aoon 
eye tern. 



SAMPLE Performance Indlcatora 

E.l.l Given queatlona on the motions 
of the aarth and aoon, the atudanta will 
answer them correctly 60Z of the tine. 
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E.1.2 Clvtn labs ari acsif rjner.* s re- 
lating to the ootions of the eailw cr.. 
aoon, the students will coc^ietfe tt o 
and hand then all In at the asslgr.eu 
tine. 



J 



E.2 At the, end of this study the 
students will be able to: 

1. Cite proofs that the earth 
and soon eaci< rotate on an 
axis and revolve around the 
sun. 

2. Explain the causes of the 
seasons. 

3. Explain what causes the tides. 

4. Demonstrate how phases and 
eclipses of the moon occur. 

5. List similarities and 
differences between the moon 
and the earth. 

6. Analyze the topography of the 
moon's surface. 

7. Clve examples 6f how study of 
the moon will provide greater 
understanding of the develop- 
ment of the earth and the solar 
system. 



THE SOLAR SYSTEM: 

F.l The student will gain perspectives F.l.l Civen questions about the 

about the solar system; its sire, origin, system the students will be able ic 

planetary groupings and the- laws that answer 602 correctly and hand in al 

govern it. labs and assignments. 



be able to: 

1. Demonstrate the relative amount of 
empty space in the aolar system 
compared to the apace occupied by 
the planets. 



F.2 After this study, the student ahould 
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2. Contrast tht characteristics 
of tht two main plantt groups. 

3. List some physical character- 
istics of each of tht nine 
plantts . 

A. Dtscrlbe how the law of 

gravitation affects planet-? 
ary motion. 

5. Describe the pl^W^al charact- 
eristics and motr%n of asteroids 
and comets. 

6. Contrast the theories of the 
origin of the solar system. 



STARS AS OTHER SUNS: 

C.l The students will gain an overall 
view of stellar evolution, and a 
general knowledge of how scientists 
study stars. 

G. 2 At the end of this study the 
students will be able to: 



C.l.l Given questions about stars, the 
students' will answer 601 of them correct 
and complete all labs and assignments 
In the appointed time. 



1. Describe how scientists deter- 
mine e star's temperature, 
chemical composition, luminos- 
ity, motion, and distance from 
the earth. 

2. Demonstrate parallax and ex- 
plain how it can be used to 
measure distance. 



3. Compare the sun to other stars. 

r 

A. Describe the life dycle of a 
star. \ 

5. Explain how the mas^ of a star 
determines how long) it will 
live. 



6. Explain how H-R diagrams support 
the theory of stellar evolution. 
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GALAXIES AM) THE UNIVERSE: 

H.l Studenta will Rain e per- 
ipictWi on tha unlveraa, ita 
elze, origin and men'elplen In 

! 

M.2 At tha end of thla a tody tha 
atudant will: 

1. Deecrlbe tha Milky Way galaxy 
— Ita alza, ehape, rotation, and tha 
aun'a location In It — and indicate how 
aclantlata obtained thla information. 

2. Compare our Milky Way galaxy 
to other galaxlaa in terse of elze and 
ehepe . 

3. Explain why looking at atarllght 
la Ilka looking into tha peat. 

4. Neat tha two aioat coon on cheailcala 
in the unlveree. 

5. Dlecues the elgnlflcance of the 
Doppler effect ae evidence for an expand* 
ing unlveree. 



B.l.l Given queetlone about galaxies 
and the unlveree, etudente will answer 
60Z correct end cceiplet all labs and 
aeelgtnenta in the appointed time. 



6. Dlecuee coeaion exaaplee of relativity. 



WATER IN THE SEA: 

1.1 The etudente will learn about eea 
water, currente, weveeend circulation 
in the eea. • 

1.2 After thle etudy the etudente will 
be able to: 

1. Compare the phyelcal and chemical 
propcrtlee of fresh water and Smawatar. 

2. Describe the proceaeee that 
chsns a the ssllnlty, temperature end 
density of smevstex. 



I. 1.1 Given queetlone efrout the oceans, 
etudente will anewer 6CZ connect, end 
they will aleo complete all labe end 
eeelgnmente in the eppolnted time. 



3. Explain the caueee of eurfsce and 
damp ocman clrculatldb* 

4. Uae a medal to demonstrate the 
moYemeet of water pSrtlclea In aunrsce vsvee. 
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Tract the path of energy frc 
tht mo to ocean waves and 
currants. 

Explain bow atmospheric 
circulation and varying 
dtnsities of taavattr cause 
ocean circulation. 



WATER CYCLE : 
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J.l The student will laarn how the water 
cycle functions and how It affects our 
lives. 

J. 2 At tht end of this study the 
student will bt able to: 

1. Demonstrate how the earth*s 
ehapt and orltntatlon In 
•pace determine the distribu- 
tion of Incoming radiation. 

2. Demonstrate how land and water 
absorb energy at different rates. 

3. Explain how unequal heating of 
land and water, aided by gravity, 
produce connective circulation. 

4. Make a model that demonstrates 
bow the tarth's rotation modlflts 
basic convtctlve circulation to 
product easterly and westerly 
winds. 4 

5. Show bow the processes of evapo- 
ration, condtnsatlon, and pre- 
cipitation art Involved In the 
water cycle. 

*y 

e. Describe the energy changes during 
evaporation and condensation. 

7. Explain why both energy and air 
motlome era necessary for 
evaporation to occur. 



J. 1.1 Given a test about the wster 
cycle the student will score at least 
60Z and will also hand In all labs and 
assignments In the appointed time. 



0* 
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S. Dsscribs the lifs cycle of * frontal 
cyclone tod the typical vutbtr it 
product a. 

9. Describe bow water infiltrate* the 
ground end becomee capillary and 
gravity water. 

10. Deecribe In general terse how flood 
forecaete ere cads. 



V. THE STUDENT SHOULD DEVELOP APPROPRIATE VALUES : 

X. The etudent velute bthavicr baaed on rational end informed Judgements, 
choices, end decieione. 

2. The etudent knows what things, ideas, end behavior* he or ehe veluee. 

3. The etudent knows thet different individuals velue different thing*, 
idsae, end behaviore to eelisfy esseatielly stabler basic needs. x 

A. The student le eble to uec ecientific knowledge and proceeeee to re- 
solve conflicts in personal values. 

5. The etudent ie eble to distinguish between velue etet create end deecrlp- 
tive or definitional statements. 

6. The etudent ie eble to identify the different velue poeitione rspre- 
eented in e social issue. 

7. The etudent ie eble to weigh the merits of information supporting velue 
poeitione in terme of rslevent criteria. 

6. The etudent veluee ecientific knowledge end processss which eidb in 
identifying beeic neede of eocietiee. 

9. The etudent veXuca e eociety In which individuals perticipete in 
making dscislons which will affect then. 

10. The etudent veluee problem eolving. 

XI. The etudent veluee IntelXectuel feasibility in dealing with complexity 
( I.e. the ebllity to change, expend, or construct new fremee of refer- 
ence to match situation*). 

12. The etudent veluee the uniqueness or worth of individual livee. 
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13. The student values bumen feelings. 

U. The student valuea the needs of others. 

15. The student velues accepting responsibility for the consequences of 
his/her decisions end ectlons. 

16. The student values self. 

17. The student velues creativity end imagination: the pleaaure of man- 
ipulating end extending Idaaa. 

16. The atudcnt veluea the pleaaure of learning. 

19. The atudcnt veluea aaethetlc experience^. 

20. The student velues novelty: new perceptions, experiences, Idcss. 

21. The student veluea the contlnuel expenaion of human knowledge about 
reality. 

22. The atudent veluea full uae of all channels of human perception. 

23. The atudent veluea full and appropriate uae of aenae extenders. 

24. The atudent veluea freedom froa blea: perception of reality which 
la not limited or dlatorted by prmneture judgmente or aaaumptlona. 

25. The atudent veluea aymbollc repreeentatione (nj^. words and mathe- 
matical symbols) . 

26. The atudent veluet the ebillty to dletinguieh between relevant end 
Irrelevant date when validating a repreaentetlon of fact, opinion, 
or conclusion. 

27. the atudent valuea organization of repreeentatione (conceptual 
schemes, modela, clessif icetion systems, etc.) which permit recall 
snd retrlevel of information. 

» 

26. The atudent valuea the reatructur Ing of behavior in rneponee to more 
edequete and accurate information about situations. 

*2?. The atudent valuea accuracy and openneae of communication. 

30. The atudent valuea the full and appropriate uae of acientific inform- 
ation retrieval systems. 
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VI. FEOCEDUKES FOR EVALUATION: 

A. Tests: written, oral, laboratory 
1. Observation of classroom performance 

C. Laboratory writeups 

D. Worksheets 

E. Resesrch papers 

F. Notebook 

G. Attendance 

In order to pass the course at a minium level, the student must pass the 
tests which apply to a particular competency at a (D) level, turn in all 
the assigned work, and perform adequately in class. Class performance 
includes a student's actions in class and attendance and tardies. Over 
ten absences in s semester will cause a student to. receive a permanent 
Incomplete in competency (I). 

To receive grades' of A, B, or C, the student must complete the minimises 
and also receive the following percentages of the total points possible 
for all of the assignments. 



4 9D 


- ioo: 


- A 


60 


- 89.9: 


- B 


* 70 


- 79.9: 


- C 


60 


- 69.92 


- D 



Source of reference: Tri-County Course Goals 
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MILWAUKIE HIGH SCHOOL EARTH AND SPACE$SCIENCE 2 



PLANNED COURSE STATEMENT 



TITLE: Earth fc Space Science 
Semester 2 

CREDIT: .50 

PREREQUISITE: First Semester-Earth 
and Space Science 

t 

I . PURPOSE 

The Earth and Space Science student will acquire a basic knowledge In Eartn 
and Space Science. This will give him a basis for unders tanding and Inter- 
preting his environment. 



AREA: Scientific 4 Technological 
Processes 

SCHOOL: MHS 



XX. COURSE CONTENT 

A. Weathering and Erosion 

B. Sedimentation 

C. Building Mountains 

I). Earthquakes and the Earth's Interior 

E. Rocks and Minerals 

F. Time and Earth's Biography 
C. Ecology and the Environment 



III. LEARTIISG ACTIVITIES^ 

Laboratory Investigations: qualitative and quantitative observations. 
Demonstrations: laboratory procedures, concepts and scientific phenomena. 
Audio-visual aided presentations: overhead, films, fllmstrlp, and slides; 
chalkboard, models, charts, opaque^rojector , records, and tapes 
Lecture and discussion 
Quizzes, tests 
Science notebook 
Research papers 



WEATHERING & EROSIO'I 

A.l The student will become aware of 
the constant changing of the earth 
crust by the proceee of weathering * 
erosion. 

A. 2 At the end of this study the 
student will be able to: 

1. Explain what happens to rocks 
and minerals as they weather. 



A. 1.1 Given a test aboijt weathering and 
erosion, the student will score at least 
60Z and will also hand In all labs and 
assignments at the appointed time. 
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2. lecognite withering products 
and dlecuse how they differ from 
the parent rock. 

3. Deacrlbe how resistant minerels 
ere eepereted fron lest retletent 
mlnerele, end condition! under which 
they ere formed. 

4. Compere the erosive effects of 
water, ice, end wind on the Berth' • 
eurf ece . 

5. Deecribe the role of grevity in erosion. 

SEDIMENTATION 



B.l The etudent will leern the processes 
end energy exchanges in sediLentetion end 
develop a model of the ocean lasin end the 
eedimente thet form in different perts of 
the ocean floor. 



B.l.l Given e test ebout eedimentation , 
the student will ecore et leest 60"; 
correct end will elso hend in ell labs 
end aeeignmenta et the appointed time. 



B.2 At the end of thie etudy the etudent 
will be eble to: 

1. Construct or describe a model of 
an oceen besin. 

2. Contrest the depositionel processes 
that take piece near ahore, on the 
continentel ehelf, end on the 
continentel elope. 

3. Construct e model of turbidity 
currents. 



4. Contreet sediments deposited on 
the continentel margins 'end thoee 
in deep ocean beeins. 

5. Give examplee of evente thet could 
change eea level. 

MOUNTAIN BUILDING : 

C.l The etudent will become aware of the 
different typee of mountain building forcee 
and will be able to place the forcee in the 
greeter pattern of general crustal move- 
ment . 

A. 2 After completing this etudy, the 
etudent vlll be able to: 

1. Deecribe how mountaina develop from 
geoeynclinea through the etegee of 

depoeltlon, deformation, and uplift. 



C.l.l Given a teet about mountain 
building and crustal movement, the 
etudent will ecore at laaet 607. correct 
and will also turn In all labe and 
aealgnmenta et the appointed time. 



/ 
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Explain Uov mid^ocean ridges, 
deep-ess trenches, earthquake 
activity, and geoeynclinal 
mountains oinnt bt caused by 
■ovaiDti of tht earth's crust. 

Compere modern artss of shallow- 
vatsr dtposition with snclent 
geoeynclinal bssins. 

Locate btlts of crustsl nobility 
on s globe snd explein why they 
are seldom in the middle of 
continents. 
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5. Describs some lesic csuses of 
crustal unrest within continents 
and ocean bssins. 



6. Discuss the lmportence of oegnetlc 
stripes in rocks to the theory of 
piste tectonics. 



EARTHQUAKES AND THE EARTH'S INTO ICR 

D. 1 Students will investigste various 
wsys that scientists study the earths in- 
ter lor » and will develop s general know- 
ledge of what has been learned sbout ths 
earth's interior. 



D.l.l Given s test about earthquakes 
and the earth' a interior, the student 
will score at leaat 602 correct and 
will alao hand In all labs snd 
assigned work at the appropriate time. 



D.2 After completing this study, the 
student will be able to: 



1. Give severe 1 reasons why 

scientists study the interior 
of the earth. 



2. Explain how seismic data la 
used to determine the earth's 
Internal structure. 

3. Determine earthquake epicenter 
locations from the differences 
between F and S veve. 

4. Construct or deecrlbe a general 
model of the earth' e Interior. 
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KOCKS AJTD MINERALS 

E.l Thi students will luro the 
basic Igneous rock building pro- 
cesses, volcsno types tod pro- 
cedures for Identlflng comnon 
minerals. 

E. 2 At the end of this atudy the 
student will be sble to: 

1. ^Describe the vsrlous types 

of volcsnoes found In 
Oregon. 

2. Distinguish between the 
different types of lavs. 

3. Distinguish between plutonlc 
and volcsnlc rocks In terns 
o/ occurrence, mineral and 
chemlcsl composition, and 
texture. 

4. Discuss hov tenpersture, 
pressure, and mineral solu- 
tions affect rocks at the 
aurfsce and below. 

5. Identify sons of the most 
common rock forming mlnersls. 

MEASURING TIME 

P.l The student will gain perspective 
on the sge of the esrth, on man' s plsce 
In time and techniques established for 
measuring time. 



P. 2 At the end of this atudy the 
student will be able to* 

1. Propose methods to measure the 
duration of events and the In- 
tervals between them. 

2. Explain why time must be divid- 
ed into unite. 



E.l.l Given a teat about rocks snd 
minerals, the student will score at 
least 60Z correct and will hand In 
all labs and imagined work at the 
appointed time. 



F.l.l Clven a test on. time snd Its 
measurment the student will ;et 60Z 
correct snd will also hand In sll lsbs 
and assigned work at the appointed 
time. 



3. Use radioactive decay data to 
determine the age of rocks. 
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4, Construct a time scale 

that tails both tha ralatlva 
and axact age of events. 

3. Uaa tha Ceologic Time Scalt 
w to compare the ages and dura- 
tion of various segments of 
geologic tlae. 

6. Determine the origin of rocks 
from observing actual rocks or 
illustrstions of outcrops. 

7. Distinguish the top of s rock 
layer from the bottom. 

I. Correlate rock layers using 
fossils, rock types, position 
in a sequence, or other Beans. 

9. Reconstruct the sequence of s 
series of geologic events from 
cross sections of sn area . 



C.l The atudent vill underatand the 
baaic concepts of, and relationahipa 
between genetic change, artificial 
aelection, and natural aelection. 

C.2 At the and of thia etudy the 
atudent will be able to: 

1. Know hiatoric contributiona 
of aciences and acientiata to 
the development of theories 
about the origins of life. 

2. Analyze or clarify Issues re- 
lated to validation or commun- 
ication of acientific Informa- 
tion about origins of life. 

3. Know reasons for the Importance 
of the evolution model to the 
biological aclencea. 

4. Know factors of the evolutionary 
process which produce changes wi 
in a spec lea. 



C.l.l Given baaic questions on genetic 
change, artificial and natur&l selec- 
tion, the student will answer thezi 
correctly 401 of the tine. 




5. Know that Darwin' a theory 
Is baaed on the principle 
of uniformitarlanimm: that 
existing processss, scting 
in ths earns unntr and in- 
tensity aa at present have 
been constant throughout 
tins and srs sufficient to 
sccount for sll geological 
snd biological changes. 

6. Know that over a period of 
M?y , stable populstions 
sdspt geneticslly to their 
environments. 

7. Know that Darwin* a thsory 
of natural aelection in- 
volvea such concepts ss 
overpopuletion, variation, 
fitneaa to meet environ- 
mental stress, inhcritsncc 
of trait a, and genetic 
mutation. 

G.3.1 The student will understand 
the baaic concepta of pop- 
ulation ecology. 

G.3.2 At the end of this study the 
student will ba able to: 

1. Know factora which in- 
fluence population growth. 

2. Know the effects of un- 
controlled population 
growth on the individuals 
In the population and on 
other populations. 

3. Analyse problaa of human 
population growth. 

4. Know that mortality rstss 
Influence population growth 
rates. 

5. Know factora which affect 
the mortality ratea of 
populations* 
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C. 3.1.1 Given queetione on population 
ecology, the etudent will reepond 
correctly 60Z of the time. 
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C.4 The etudent vill understand ^ 
basic ecological concepts end 
processes. ^ 



C.4.1 Given questions on the concepts 
end processes of neology, the student 
vill •never cenrectly tOZ of the time. 



C.4. 2 At the end of thle study the 
student will be able to: 

1. Know that orgeniems In a 
community msy be catsgoriied 
ae producers, considers, end 
decomposers . 

2. Know the relet ionship between 
producere and coneiesere In a 
community. 

3. Interpret date collected from 
naturel snvirotssente regerding 
producer -consider and biotic- 
abiotic reletlonehipe. 

4. Know orgsnisms and interectione 
charscterletlc of communities 
In various msjor b loose or 
habitete. 

5. Know mssnlngs of tense con- 
ventionally ueed in descrip- 
tions or snalysss of ecosystems. 
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R£X PUTNAM HIGH SCHOOL SCIENCE 1 (UNIFIED SCIENCE) 



PLANNED COURSE STATEMENT 



TITLE' Science 1 AREA Science 

CREDIT * .50 SCHOOL: RPHS 

PKEREQl IS 1TES None 



1 PURPOSE 

The Science 1 student will increase his/her understanding of the 
scientific approach to developing and using knowledge This will 
be achieved b" a variety of activities and experiences that will 
enable the learner to acquire some of the basic knowledge and skills 
associated with the. 

1 Biological sciences 

2 . Phvsical sciences 

3 Scientif ic /Technological processes 

II COL'RSE CONTENT 

The course is comprised of six instructional units organized around 
the t hemes of : 

1. Observation 

2 Perception 

3 . Measurement 

4. Model 

b Radioact ivit\ 
6. Cell 

III LEARNING ACTIVITIES. 

1. Laboratory investigations 

2 . Demonstrat ions (Teacher and Student ) 

3. Audio-visual aids (Including films, posters, charts, graphs, aud 
tapes, filmstrips, overhead projector, laborat orv model s , and 
chalkboard) 

U. Discussions 

5. Lectures 

6. Reading 

7. Computer (Experiments, simulated experiments, computation, data 
display, data storage, graphing, etc.) 

8. Games 

9. Laboratory writeups 

10. Exams/Quizzes 

11 . Reports/Projects 
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IV. ANTICIPATED LEARNER OUTCOMES: (Those competencies designated with an 

asterisk are certified as fulfilled when a student has earned a passing 
grade for Science 1. ) 



Compet enc ies 

M OBSERVING AND INFERINC 

The student is able to make 
laboratory obser vat ions and 
make inferences f roir t hese 
observations. (District 
competency 1.7.1.2) 



SAMPLE Performance Indicators 

1.1 Given a list of observations 
and inferences , the student 
will be able to correctlv 
identify the inferences 

1.2 Given an appropriate laborator\ 
situation or demonstration, the 
student will make several obser- 
vations and at least one reason- 
able inference from those 
observat ions . 



COMMl NICAT INi> 

The student is able to com- 
municate scientific concepts 
and ideas with the teacher 
and fellow students. (Dis- 
trict competenc\ 1.7.1.3) 



INTERPRETING AND PREDICTING 

The student is able to inter- 
pret data and make predictions 
from these interpretations. 
(District competency 1.7.1.4) 



2.1 The student can write legible, 
understandable laborator\ reports 
following the given report 
guidel ines . 

2.2 The student will sa t is f a ct or i 1 \ 
define at least 80'. of the items 
in the following list 



8. 

9. 
10. 
11 
12. 
13. 
14. 
15. 



Inf e renc e 

Qualitative observation 
Quantitative observation 
Mean 

Validity 
Reliability 

(Identify) Standard S I units 
for length, mass, weight, time, 
and temperature 
Model 

Radioact ivit v 

Atom 

Mitosis 

Cell 

Living 

Measurement 

Mic roscope 



3.1 Given appropriate experimental 
data, the student will' 

1 . Calculate the mean 

2. Report the range 

3. Construct a properU 
labeled graph 
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3.2 Given a line graph, the student 

will successfully extrapolate to a 
designated value for one of the 
variables , 
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RECOGNIZING VARIABLES 

The student is able to recog- 
nize variables and predict what 
would happen when selected 
variables are altered (Dis- 
trict competency 1 7 1 . ^ ) 



k 1 Given a description of an 
experiment and a list of 
observable aspects of the 
situation, the student will be 
able to correctlv identify tht 
var iables 

U .2 Given the description of an 

experiment and partial data, the 
student will reasonabl\ predict 
. the result of var\ ing selecttd 
variables in designated manners 



r\PLRlMENTlV 

Thr student is ablt to st t up 
and corplett an experiment 

(District competenc\ 17 16* 



S 1 Given written instructions and 
the nec essarv equipment and 
materials, the student will 

1 Assemble the apparatus 

correct 1 \ 
J Manipulate the designated 

variable(s) and record tht 

observat ions 
3 Adhere to all standard *and 

special laboratorN saU t \ 

practices 
U Disassemble the apparatus 

and saOsf ac tor 1 1 \ clean tht 

working area 



*6 RECO. MZINC AND US IV MODELS 

The student is abltr to recog-5| 
rize and 'Jse scientific models 
(District competent \ 17 17) 



6.1 The student will describe the 

genera 1 circumstances under which 
a scientific model is used for 
explanatorv purposes. 

6 2 Given a scientific model (e g , 
atomic), the student will u*t it 
to 



1. Predict the results of a 
given test 

2. Devise an explanation for a 
given observation 

3. Explain an observed demonstra- 
tion 



*7. MEASURING 

The student is able to demon* 
at rate a knowledge of the 
metric (system) and use com- 
mon measuring instruments. 
(District competencv 1.7.1.8) 



7.1 The student will demonstrate tht 

ability to properly use the appro- 
priate measuring devicr to satis- 
factorilv measure* ' . 

1. Length 

2. Mass 

3. Weight 
h. Volume 

5. Time 

6. Temperature 
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7.2 The student can provide appro- 
priate S.l units for area and 
speed 

7.3 The student will correctlv appl\ 
S I . prefixes when converting 
volume , length, and mass measure- 
ments (e.g., converting a given 
number of liters to milliliters) 



Compe t enc i es 

Satisfactor\ completion of the course minimum competencies is 
determined on the basis of student performance on a designated 
set of performance indicators for each competence A passing 
grade for the course indicates successful completion of all 
designated minimuir competencies • 

Cour se 

Overall course performance level is judged on theVbasis of a point 
s^teir Students earn points from a variety of class activities and 
procedures, ^<jcTi"**s^ 



(1) Laborador\ write-ups 

U) Short te-rm assignments (e g., vnrk sheets, question sets, 

probleir soling sets) 
( 3) ExaT inat ions \ 
(m ) Quizzes \ 

(5) Level and qualitv oTHassrooTr and laboratorN participation 

With reasonable flexibility granted to the individujl classroor 
teacher for purposes of addressing unusual specific situations, 
the following scale determines the letter grade earned for the 
course • 



Percentage of Total 
Possible Points 



Let ter 

Grade 



90 - 100 
80 - 89 
60 - 79 
50 - 59 
Below 50 



C 
D 

No Credit 



REX PUTNAM HIGH SCHOOL SCIENCE 2 (UNIFIED SCIENCE) 

\ 



PLANNED COURSE STA"5£MENT 



TITLE Science 2 ARE* Science 

crem: 50 SCHOOL RPH^ 

PREREQUISITE Science 1 



I PIRPoSF . 

The Science 2 student will increase his/her understand ing of the 
scientific approach to developing and using knowledge. This will 
be achieved bv a vanet\ of activities and experiences that will 
enable the learner to acquire some of the basic knowledge and skills 
associated with the: 

1 Biological sciences 

2 Phvsical sciences 

J Sc lent i f ic /Tec hnologic al processes 
II COLRSE CONTENT 

The course is comprised of six instructional units organized around 
the themes of 

1 Genet ics % J 

2 *Classi t icat ion (General) 

3. Classification (Characteristic properties of matter) * 
A . Heat energ\ 

5. Energ\ -» 
6 Mice 

II LEARNING ACTIVITIES. ^ 

1. Laboratory investigations 

2 . Demonstrations (Teacher' anc j Student ) 

3. Audio-visual aidsS^ncluding films, posters, charts, graphs, aud 
tapes, filmstrips, overhead projector, laboratory models, and 
chalkboard ) 

4. Discussions 

5. Lectures 

6. Reading 

7. Computer (Experiments, simulated experiments, computation, data 
diaplay, data storage, graphing, etc.) s 

8. Laboratory writeups 
r 9 . Examinat ions /Quizzes 

10. Reports/Projects 



Rev. - 82 
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ANTICIPATED LEARNER OUTCOMES (Those competencies designated with an asterisk 
are certified as fulfilled when a student has earned a passing grade for 
Science 2.) 

Convpetenc ies 

M CLASSIFYING 

The student is able to fit 
an organism, object or suh- 
stan^e into a scientif K 
classification scheme. (Dis- 
trict competence 1.7 1.11 



SAMPLE Performance Indicators 

1 1 Given 10 objects of the samt 

general t\pe (e g , rocks, micro- 
organisms), the student will devise 
a classification scheme that will 
effectively distinguish tht ohncts. 

1 2 Given some of the physical and 
chemical characteristics of a 
compound, the student will bt ablt 
to tentatively id ent i f \ tht corr- 
pound b\ utilizing either a con- 
puterized or kevsort card classi- 
f ica t ion sc heme 



0BSER\ INC ANT) INTERIM. 

The student is able to make 
laboratorv observations and 
make inferences fr on these 
observations (District 
compe tenc \ 1 7.1.2) 



COW \ I C VTI \ 

The student is ablt. to con- 
municate scientific concepts 
and ideas with tht teacher 
and f tl 1 ow' student s (Dis- 
trict compttencv 1 7 .1 3) 



2 1 Given a list of observations and 
inferences, the student ulll bt 
able to correct lv identify the 
inf erenc e s 

2 2 Given an appropriate laborator\ 
situation or demonstrat ion . the 
student will make several observa- 
tions and at least one reasonable 
ifvULrence from those observations 



3.1"~'Tht student can write legihlt. 

understandable laboratory rtports 
following tht given report 
guide 1 lnjrs . 

3 2 The student will sat 1 sf ac t or 1 1 \ 
define at least 80". of the iters 
in the following list 



1 



3. 
A 

5. 

6. 

7. 

8. 

9. 
10. 
11, 
12 
13. 
14. 
15 



Genotvpe and phenot\pe 
Don inant and recessive 
character ist ic s 
Muta t ion 
Classif ication 
Dens it\ 

Melting Point and Boiling Point 
Calor ie 
Hvpot hermia 

Methods of heat transfer 
Potent ia 1 and kinet ic ener gv 
Joule 

Kilowatt-hour 
Energv ef f iciencv 
Mat urat ion 

Healthv environment for lab- 
oratory animals (e.g., mice) 
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INTERPRETING AND PREDICTING 

The student is able to inter- 
pret data and make predictions 
from these interpretations. 
(District competency 1 7.1. U) 



4.1 Given genotype and phenotvpe 
information for the parent 
generation, the student will 
describe the probable character- 
istics of the progeny. 

4.2 Given the temperature and time data 
from heating an initiall\ solid 
substance, the student will* 



RFCOfMZINT. VARIABLES 

The student is able to recog- 
nize variables and predict 
uhat would happen when 
selected variables are altered. 
(District competency 1.7.1.5) 



1. Construct a properl\ labeled 
graph 

2. Identify the melting point of 
the substance — 

3. Identify the boiling polity - f 
the substance 



5 1 Given a description of an experiment 
and a list of observable aspecr* of 
the situation, the student will th 
able to correctly identifs the 
var iables 

5.2 Given the description of an 

experiment and partial data, the 
student will reasonably predict 
the result of varving selected 
variables in designated manners. 



EXPERIMENTING 

The student is able to set up 
and complete an experiment. 
(District competenc\ 1.7.1.6) 



RECOGNIZING AND USING MODELS 



The student is able to recog- 
nize and use scientific models. 

1.7.1.7) 



(District competency 



6.1 Given written instructions and the 
necessarv equipment and materials, 
the student will * 

1. Assemble the apparatus correctly 

2. Manipulate the designated var- 
iable^) and record the obser- 
vat ions 

3. Adhere to all standard and 
special laboratory safet\ 
practices 

U . Disassemble the apparatus and 
satisfactorily clean the 
working area 

7.1 Given a list of phenomena and 

another list of models, the student 
will choose one phenomenon and 
identify one of the models as 
appropriate for explainirg or 
further investigating the 
phenomenon . 
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7.2 Given a scientific model (e.g., 
Mendelian genetics), the student 
will use it to. 



1. Predict the results of a 
given test 

2. Devise an explanation for a 
given observat ion 

3. Explain an observed demon- 
stration 



8. MEASURING 

The student is able to demon- 
strate a knowledge of the 
metric (svstem) and use 
comr.on measuring instruments. 
(District competency 1.7 1.8) 



8.1 The student will demonstrate the 
ability to properlv use the 
appropriate measuring device to 
satisfactorily measure: 

1 Length 

2. Mass 

3 . Weight 
A Volume 

5. Time 

6 . Temperature 



8.2 The student can provide appropriate 
S.I. units for density and specific 
heat . 



8 3 The student will correctly appl> 

S.I. prefixes when converting volume, 
length, mass, and time measruements 
(e.g. , converting a given number of 
grams to kilograms). 
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APPENDIX C 
TEACHER MATERIALS AND QUESTIONNAIRES 

1. Teacher Questionnaire 

2. Orientation Meeting Information Sheet 

3. Testing Instruction Sheet 

4. Posttest Testing Instruction Sheet 

5. Teacher Questionnaire II 
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TEACHER QUESTIONNAIRE 



TuciCn question: 



X 



(Your name Jill not be used; 1 need it here sinply to monitor the return of 
the questionnaires.) 

SCHOOL: Claclcanas KiLvaukie Putnan 

sciq::e Tsnarc t:: ran: 
sncsTE 3 1: 

Cour??(s) Taught Kunber of 

Sectior "> 



3ZX3TZ1 2: 

Course (*) TaupH 



Kurber o: 
Section? 



Total year? (notlincludir.r this year) of high school (grades 9-1?) acie-*e 
teaching expexienVc^Jteacr-inr one or more science courses) 



At ycur present school^ 



Elsewhere 



Year? of high school teaching experience in the science course(s) yo\- ar^ 
teaching this year 



Cours^C s) 




FORI SAL ACADMC PREPARATION 

College or University Degrees Earned 



Years Taught at 
Present School 



year 5 Tau-nt 
Else-rcre 



Year 
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ORIENTATION MEETING INFORMATION SHEET 

CLACKAMAS HIGH SCHOOL 
Science Department 

PURPOSE OF RESEARCH: This research is being conducted to partially fulfill the 

requirement! of e Ph.D. program for Dave Cox and make a new 
contribution to the existing science education research 
knowledge baae. 

H 

INVESTIGATOR: Dave Cox 

UNIVERSITY AFFILIATION: The Ohio State University, Columbua, Ohio 

QUESTIONS TO BE ADDRESSED: 1. Does the type of science that serves aa the basis 

of the claaaroom learning experiencea during the 
required year of science have any significant 
relationahip to the proceas skill canpetency per- 
9 fonnance level achieved by atudents? 

2. Does the grade level where science is last required 
have a significant relationahip to the student 
performance level attained on science process skill 
conroetencies? 

3, Vhat acience procesa sicill competency performance 
level do atudents have one, two, or three years 

* after the last required science course has been 

completed? 

L. Do elective science courses completed after the 
last required year of science have a significant 
relationship to the level of performance on science 
process skill competencies? 

RELEVANT CALENDAR: September 11, 1981-Preteiting of all students enrolled in 

required science courses with the investigator 
developed Science Procesa Comptency Test, which 
is a 21 item multiple -choice test measuring 
performance level on diatrict science process 
competenciea 1.7.1.1, 1.7.1.2, 1.7-l.L, 1.7.1.5, 
1.7.1.7, end 1.7.1.8. The test will be 
administered by the olaaaroom teacher and 
should require no more than s total of 15 min- 
utes. 

June 2, 1982- Po attesting of sll students enrolled in 

required science courses. The same teat and 
procedure as uaad in ths pretesting will be 
utilised. 

/DISTRICT USE OF RESEARCH t Bone specified ss certain. The only possible use discussed 

has been to fulfill the following requirement from the new 
Standards for Public Schools. 



"Assess student performance on selected program goels in at 
least language arts, mathematics, science and socislpstudiss 
in two slementary rradea and one aacondary grade, prior 
to the selection of district textbooks..." * 
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TESTING INSTRUCTION SHEET 



TE r TI M ~ IN c TH^ r T10N SHEET 

A • MATERIALS 

You will be provided with the following materials. 

1. 30 Test Booklets 

2. Student Information Sheets 

3. Student Anawer Sheets (General Purpose NCS Answer Sheets) 
h. 2U Pencils 

5. Large Envelopes 

p. STUDENT INFORMATION SHEET5 

Have each student complete a Student Information Sheet prior to hancinr ou*. 
the test booklets and answer sheets. Students are to either CIRCLE the 
appropriate information or WHITE it in the blank spaces provided. 

MS^FP SHEETS 

Orly I of the General Purpose-NCS-Answer Sheet will be used. USIN" A 

?-ril o-JLY, have students write the Fin ST LET^ of their LAST HAVE followed 
by tncir BIIT^ P ATE A^OVE where "Name" is printed in the upper left-hand corner. 
Fa** exanple, stuoen* Leslie Doe would write 

D 3/? 3/o6 

NA\S (Last, g irst, n.I.) 
Mil! 

Tnis is the only information that students are to place on the answer sheet. 

d. rest aooKLir". 

Hand out the test booklets, reminding students not to open ther until told to 
do so. PLEASE OLD THE FOLLCMNG TO TOUR STUDENTS. 

Students from all three high schools in the district will be 
takinc this test. It is designed to measure your understanding 
of science process skills, such as measuring and classifying. 
While it is 'not a graded part of your class work, it is important 
that you do the very best that you can on the test. For each of 
the 2L questions, you are to select the ONE best answer and darken 
the apace corresponding to it on your answer sheet. If you are 
not aure of an answer, make the best guess that you can. Remember 
to use only pencil, make your marks dark, and fill the circle 
complete. y. Erase cleanly any answer you wish to change. Please 
do not mark or write # cn the test booklet. You will have the 
remainder of the class period to complete the test. Turn the page, 
read the instructions, and begin answering the queations. 

E. COLLECTION Or MATERIALS 

1. Please place the Student Information Sheets and anawer aheeta for each 
class together in a separate envelope. 

2. Be aure that all test booklets are returned «t the end of each period. 

3. Please make every effort to recover pencils that are borrowed by students. 
L. Please return all materials to me at the end of the school day or when 

you have completed testinr for the day. 



♦ 



.TV? 



ATTENDANCE 



Please record class numbers and absences on the attached sheet and return 
it to me at the end of the day. 

QUESTIONS, PROBLEM, ETC. 

I will be in your building all day during the testing. Should you have 
any questions, need idditioml raiteriils, etc., I will be located 



Thank you very nuch for your cooperation on this project. 



ERIC 
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PERIOD B^CLLEO 



ScHML 

MA tE c Of ABSENT STUD^TS 
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POSTTEST TESTING INSTRUCTION SHEET 



posttest testcwo msTmycTioK sheet 

A. MATERIALS 

i 

Tou will be provided with the followinf materials s 

1. 30 Science Process Competency Test booklet* 

2. 12$ Science Procesa lost Answer shoots 
3« 25 Studnt Information Sheets 

1*. 2h Pencils 

S« 5 Lars* FJnvelopes 

6. 1 Attendance Reporting Sheet 

7« 1 Testing Condi tloni Reporting Sheet 

B. ANSWER SHEETS 

Students may qn either pencil or pen when marking their answer 
sheets* Pencils are preferable, however, since their use mininites 
problens when changing answers* If a pen is u£3d f any answer tnat 
is ohanged should hate an "X" placed on it« Students are not to 
■ark or write in the upper portion of the answer sheet* In the 
lower left-hand corner of the answer sheet, students are to write 
the FIRST LETTER of their LAST NAME followed by their HIRTH DATE. 
For exanple, student Leslie J. Doe would write 

ID 1 D }^?^ 

(first letter of last name) (birth date} 

Other than their answers to the 2h test questions, this is the only 
information that students are to place on the answer sheets* Tno 
questions on the page etanlod to tho answer sheet are to be an- 
swered after the test has been completed. 

C. TEST BOOKLETS 

Rand out the test booklets, rewinding students not to open then 
until told to do so. P LEAS E READ THE FOLLOWING TO TOUR STUDf^TS. 

Students from all three high schools in the district will 
be taking this test. It is designed to measure your under- 
standing of seme of the science process skills, such as' 
classifying and measuring. While the test is not a graded 
part of your class work, it is important that you do the 
very beet that you cen when answering the question*. The 
results of tho testing will only be useful if everyone makes 
their best effort, for each of the 22i questions on the test, 
you are to select the CWE best anew or and darken the srace 
corresponding to it on y>cr answer sheet. If you are tui sure 
of an answor, make the b«3t guess that you can. Erase or 
place an "X" on any answer you wish to change. PLEASE DO \'0T 
MARK OR WRITE ON THE TEST BOOKLETS. Stapled to your test 
answer sheet ie a page containing two questions. Please 
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answer these questions after you hjr% completed the test. 
Tou will hart the lemiindsr of the clan period in which 
to complete the test. Turn the first page of your test 
booklet, md the instructions, and begin answering the 
questions. 

D. STUDENT INFORMATION SHEETS 

Tbe only etudsnti who ond to fill out tbe Student Information 
Shut II art those who DID NOT take the pretest^ They art to 
either circle the appropriate information or write it in tbe 
blank spaces pro Tided. 

t. COLLECTION 07 MATERIALS 

1. Please place tha test^ansver efceeta and Stud ent Infomation 
Sheets for EACH CLASS IN A SEPJLAATE ENVELOPE. 

2. Bo aura that all taat booklata ara raturnad at tha and of 
aach claaa pariod. 

3. Please naka erery affort to recover pencils that ara borrowad 
by students. 

It. Plaasa ratum all laatariala to ma at tha and of tha school day 
or when you ha Ye completed testing for the day. 

P. ATTENDANCE REPORTING SHEET 

Please record the re que a ted class numbers and names of students 
who are absent and return the aheet to me at the and of the day. 

0. TESTING CONDITIONS REPORTING SHEET 

Please make any appropriate eomenta for any class period in the 
space provided* and return the aheet to me at the end of the day. 

H. QUESTIONS, PROBLEMS, ETC. 

I will be in your building all day during tho testing . Should you 
bare any questions, neod additional mate rial a, etc., I will be in » 
tha GUIDANCE OFFICE AREA. Thank you very much for your ooope ration 
on tola project. 

1. VOTES AND REMINDERS 





a 
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ATTENDANCE ffePOHTTNO SHEET 

TeaCHEr 5CB55E 



ma od 


ENROLLED 


■AYES OF ABSENT STUDENTS 


l 






2 






3 






(• 






5 






6 






7 







0 
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TESTING CONDITIONS REPORTING SHEET 

TEaCHEr 5CH35E 

FImn 11 at below any unusual circxiirtancea or eventa that oc cured 
during any data period on the designated tasting day. In addition, 
plaaaa note any significant variations in taatinf procedure, length of 
working tiaa, ate. Thank you 4 



PERIOD 


UNUSUAL CIRCUMSTANCES, ETOITS, VARIATIONS IN TESTING 


1 


y 

; 


2 




3 




ii 




5 




6 




7 






\ 



L 



NAME: 



TEACHER QUESTIONNAIRE II 

TEACHES QUESTIONNAIRE II 

(Tour nejee will not 55 oftd) I BMd it sera aEspIj to Monitor the 
return of tot qaaetionnairee.) 



SCHOOL t Clackwais Mileaukie Rax Putnam 

1. TIME DE70TED / T0 THE SCIENCE PROCESS SKILL r/w»TENClES 

PImn make an Mtlnti of too percentage of jour total Instruc- 
tional Una devoted to too ecianca prooaaa akllla idactifiad In tha 
diitrlct niniMi graduation coes^etenciee In tba scientific/tech- 
nological processas* Plaoa an "1° on tha instructional Una con- 
tinuum to raprsaant your estimate, 

0 10 20 30 «0 50 60 70 GO 90 100 
////// /// I— J 



No tEq* 



r 



TuVl 
lima 



If you narked LESS THAJf 10* , plaaaa writs a more praciaa estimate in 
tha apaca below, 1 
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2. CHANGE DC TIME OR WPHASIS 

Did you Incraaaa over your usual ssnunt althar tbe-time apant or aba 
emphasis on tha sclanca procaaa akilla thla yaer? 

TES 9 NO 

If TES, did you lmcreass tissj? ajsnhaada? both time Icysxpbasli? 

(c ire la jour oboloa abota) 

3. IN SERVICE 

Ha fa you participated in any buildinf or diatrlot latal in service 
activity da to tad to tba district high school sclanca program goal 
and/or tha science proceaa skill minis** graduation conpetenclae'' 



TES 



NO 



If TES , pleasa check all appropriate responses below. 

□ insartica ralatlfa to tba Hatrict'e high school science program 

□ inwrrlct nlaUv* to tba diitrlu/t'i minium fr»du«Uon c<mp*l*h- 
ci«« In tb« ■ei«ntlfle/t«cbnologic»l proctfMf 



e 
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□ Bttlldlnc latal lnsarrica 

□ Within tbt last /war 

□ &ltw*stt 1 and 3 ja*ra «r> 
QU or 5 ywn age * 

/ D^ori than 5 jaara ago 
✓'''^□l District lstal insarrics 

□ Within tha Uit jtir 

□ ^twaan 1 and 3 7»ars ago 
[2k or 5 yaara afo 

□ Mora than 5 7**rs ago 
SKS/VORI SHOPS 



Havs jrm participatad in any class or workshop that was darotad 
antiralj or had a aajor conponant aavotad to tha scisnca prooass 
aklUs? 

TSS NO 

If TBS , plaasa chack all appropriate rasponsas balow and pro rids 
ths raquastad acconpaojrinf infomatlon. 

C Class 

Location: 

Titls : 

□workshop 



Location; 

**jiti. : . 

Coaplstad 

□ within tha last ya^r 

□ Batwaan 1 and 3 yaa" *r° - 

□ 1* or 5 7»*ra aco 

□ Mora than 5 yaars afo ^ 
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APPENDIX D 
VALIDATION PANEL 
1. Letter and Instructions to Validation Panel Members 



Validation Panel Worksheet 
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LETTER AND INSTRUCTIONS TO VALIDATION PANEL MEMBERS 



Kilwsckie, Ore^ ^1ZZ2 
July 23, 1981 



Dear , 

Thank you very ^ch for aereeinp to<»esist in the validation of ray 

dissertation isstrccnt. Tfrc test ie designed to measure the pcrfomaace 
lerel of students in f rade s 9 and 10 relative to • aet oX^erlence co nge- 
tTTiLS adspte? by thTVorth Clac^a^s School Dietrict , These eclence 
process competencies are 

1. The studert ia able to fit an organism, object or 
eutstance into a aciantific claeeification scheme* 

2. The atudent ia able to sake laboratory obeervations 
arftfcmuke inf tracts from these obeervatione. 

**3. The student ia able to communicate aciantific con- 

cepta and idaaa with tha taacbar and fellow atudents. 

L. The atudent ia able to interpret daU and aake 
predictions from tbaaa interpretations. 

5. the student ia able to recogniie variablee and predict 
what would happen when aelectad variables are altered. 

•6. The student ia able to aet up and complete an experiment. 

7, The atudent ia able to recopiiie and use aciantific models. 

8. The atudent ia able to demonstrate a knowledge of the 
■etric (eyetem) and uaa cannon measuring instruaente. 

•The intent of ccepatency 6 ia for tha atudent to follow a given aet 
of instructions that require tba phyeical aeeembly, manipulation, reading, 
etc, of equipment end materials in order to aatiafactorily complete the 
specified data fathering p'rocedurae. Tba competency doea not direct itself 
to the student's ability to design experimante. While tbie appears to be 
a perfectly legitimate and viable competency, it doea not lend iteelf to 
tbe type of meaauraoent inatmmant that I bare eel tc ted. Therefore, I nil- 
not address tbia competency in my study. 



•♦Competency 3 aharea eone of tba eaxe cbarecterletice aa competency 6. 

I will rely heavily upon tba Judgment of tba validation panel in deter- 
r i mininf whether or not to include this ccnpetency in the atudy. The be sir 

/ / question appears to be whether or not tbia competency can be effectively 

Featured with a paper and pencil instrument such ss the one I bsve desipne^ 
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In order to assist you In your validation task, I bar* stated each 

competency an* then listed under it the items that I believe measure the 
indicated knowledge, skill, or performance level. To further expedite 
your work, I bate prepared a "Validation Panel Workabeet." It lists each 
test iten by number and providea a space for you to check "yes" or *no M 
for your perception of its validity. PLUSE INCLUDE A IEASON DC THE "COM- 
KENTS" SECTION WHBJEVE3 TOU CHECK "NO" FOR. AN I TBI. 

Any additional coonenta or suggestions are welcomed, but please note 
that such itets as grammar, picture quality, sketch quality, distribution 
of correct responses, and spacing on psgea are atill in working draft form 
Individual items and the instrument aa a whole will ba "cleaned up" when 
the final decision is aade aa to which items will be retained. 

Since I am on a very tight tijne line, it would be most appreciated 
if you would return the "Validation Panel Workabeet" (and instrument, 
if yoj bate made connects on it and/or hare no desire to retain it) no 
leter than AU7JST 7, 1981. I bare proTided a poatage paid envelope for 
your convenience. 

Thank ycu again for your arocb appreciated help and the generous 
sharing of your science education expertiae. v 




Enclosures 



VALIDATION PANEL WORKSHEET 



VALIDATION PAUL WOKKSHEZT 



Fan* I Manbtr 



Datt Coaplatad 



UPOTEKRS: 1. 



2. 
3. 



b. 

5. 
6. 



Tbt ttit lta«a art daaignad to iMnn tbt parforaanct ltval of 
rtudantt io fradtt 9 and 10 ralatira to • itt of tcianct procttt 
ooaptttDciaa. It it not intandad to bo m Mtian of acianct 
eontant knoultdft. 

Pltatt obtck aitbar too 9 j** n or "no" ■pact for aacb tatt itm. 
If you cbtck "no," plaatt ooMODt aa to tbt raaaont for your 
"not valid" dataimination. Utt tbt back of tbt #orktbttt if mort 
•pact it ntadad. 

Tfca inatruaant It in "working draft" form, bat fttl frtt to make 
conaitnts or raggtttiont titbtr in tbe "coantntt" taction of tbt 
"worktbttt" or on tbt inatruaant ittelf. 

If you wiab to oontact at during tbt validation procaaa, I can bt 
rtacbtd at titbtr (boat) or (offlct). 

Flaatt rtturn tbt "worktbttt" no lattr tban Auguat 7» 1981. 
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KO 


C0MKJKT3 
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2-2 
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3-2 








3-3 
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y-u 
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* 



IUKBER 


TIL 


ID 
HO 


CGMKBCTS 


fc-1 








fc-2 








l»-3 








h-h 








5-1 








5-2 








5-3 








5-L 








7-1 








7-2 








7-3 








7-1* 








8-1 








8-2 








8-3 








B-li 
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APPENDIX E 



SCIENCE PROCESS COMPETENCY TEST 



( 
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SCIDJCE PROCESS COMPETENCY TEST 



DO OPEN THIS TEST BOOKLET UNTIL TOU ARE TOLD TO DO SO. 



SCIBiCS PROCESS COHPBTHJCT TEST 



erJc 



SCIDICK PROCESS OOKPETUCT TEST 



IN5TRUCTI0BS: TMe test contain* 2U araltiple-cboice queetione. Tou are to 



cbooee the OHE best answer for each question And then darken 
the space correepondinf to it on jour answer e*>eet. If you 
uki a mistake or wish to chance an answer, be aura to araaa 
your flrat mark ccaep lately. DO ROT WRITE OR HJLRK ON THIS TEST 
BOOKLET. Ton will bart US minutes in notch to complete tba 



1. Sketches ebowing the typical shape of 0 of the 10 different types of solid 
precipitation (enow, grsupel, ice pellets, and bell) identified in the 
International Sbow Classification acbene are ebown below. 



teat. 



1. 




B. 




C. 






The solid precipitation sketched below ia moat likely a ■ember of which 
of tbe types listed above? 
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2. The fith sketched below li to bt identified. 




Using the partial classification ecoerae outlined below, the fish ii 
most likely identified as 

A. Trout or Cher 

B. Salmon 

C. Chinook, Coho, or Pink ^ 

D. Chum or Sockeye 
I. Bain bow Trout 





Trout, Char, or Sslnon 









Anal Fin Has 12 or Fewer Jlays 



Trout or Char 1 



Ansl Fin Has 13 or More Rays 



Salmon 



Distinct Bleck 
Spots On Back 
and Caudal Fin 



Chinook, Coho, 
or Pink 



No Dietinct Spots 
On Back or Caudal 
Fin; Fine Speckling 
Present 



Chuw or Sockeye 
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Severel generel clinu of fUn have been identified, Tbe table below 
provides examples of some of tbes* different types of lUn along with 
•one of tbeir Important characteristics. (Data from Van ■ottrend's Scientific 



■cyclPRjdlt , Fiftb 141 Uon) 



Example 

Star 



Surface Temp. 



Luminosity 
(Relative to 
the gun) 



Density (Relative 
to mater) 



White Dwarf 



Sirius B 



7,500 



0.1 



27,000 



Main Sequence 



Sun 



6,000 



1.0 



l.L 



Red Giant 



An tares 



3,100 



5,000 



0.0000003 



If a atar has much greater luminosity than the sun and a density much amaller 
than water, it is probably 

A. Wbite Dwarf star 

B. Red Giant star ' 

C. Main Sequence star 

D. Alpha Centauri 

E. More data is required in order to obtain an answer 



h. Lenses or combinations of lenses are usually classified by shspe as shown 
below. 



( I I 




Double Piano Concsvo- Double Piano Convexo- 
Convax Convex Convex Concave Concave Concave 



Tna combination of 3 l«nses sketched below would be classified as which one 
of the types represented ebove? 



A. Piano Concave 

5. Piano Convex 

C • Conce vo-Convex 

D. Con vexo- Concave 

I. Double Convex 



Lens 2 



Lens 1 




Lens 3 
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Thermometer 



100 C Tempereture Reading 




Which one of the following ia an obaerratlon baaed upon the laboratory 
situation depicted aboTe** 

A. Water le boiling 

B. Tbe tempera tore of the w8 ^ r ^ the beaker la lncreeeing 

C. The temperature of the eubrtance In the beaker le 100°C 

D. Tbe burner flame haa a temperature of 100°C 

E. The liquid in the beaker ia enperoeated 
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A balloon if tigbtlj attaOhad to an opening In tba top of • baa?y 
vailed class Jar. flasllnt wax is placed around tba bo t ton of the Jir 
to prevent air laaks, and tba Jar ^s then placad o?er a sample of 
substance A. Observations ware «ads 6?er several days, during which 
tba ataoapharlc praasura and room temperature did not Changs. Tbs 
resulting obsarrmtiona ara sketched below. 



Balloon 



-Sealed Jai 



^Substance A 



Balloon 




-Sealed Jar 

-Substance A 



Balloon 



— Sealed Jai 



Day 1 



Ibt 

Day 10 



Surstence A 



*bicb statement bal*w raprasants tbs bsat applanation tbat can be aade 
from tbe obesrvations? 

A. 9abstancs A is giving off i |»i 

B. Tbs balloon baa becoae inflated 

C. Substance A is burning 

D. Tbera is s slow leak in the system 

E. Hone of tbs statements abova raprasants a possible explanation 



J 
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\ 

7* A etudent conducted an invtitigttion of the tffecta of 3 different colors 
of light on tbt growth of plant Z. 411 of tbt plants war* aa cloaa aa 
poaalbla to tba east height on Day 1, and all Tiriablee axcapt tba color 
of light wars bald constant. Tba akstcbsa below raprasant tba sltaation 
obearred on Day 15. 



J 




One can cone lad a from these obeervatione that daring tba 15 da ye , 
A* Planta frown nndar yellow light developed favar leavee 

B. Rod light prevented tba normal frowtb of plant X 

C. Violat light carriaa aora energy than althar rad or yellow light 

D. Tba planta grown undar yellow light ware not aa healthy aa tba 
planta grown undar rad and violat light ^ 

I. Hons of tee stateaente abort rapraaanta a raaaonabla conclaalon 
baa ad upon tba information provided 



r 



1.0 



I.I 



12 8 



m 

22 

1- I", 



1.25 



1.6 



MICROCOPY RESOLUTION TEST CHART 
- NATIONAL BUREAU OF STANDARDS 

Standard reference material idioa 

(ANSI *nd ISO TEST CHART N'> 2) 
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8. 1 mull plaatic iphtrt it dippad into a tray of watar mt ragular la terra If 
(a.fc. , it dips Into tba water e?ary h aacond) . The raaulting patfBrn of 
circular water waree la akatcbad belo*. 



Sphere hit a bare 




low tba apbere ia moTed, while it continoee to dip into tba watar mt tba 
M»e rata. Tne rweultinc pattarn of watar warae ia akatcbad below-, 



Dlr action of motion 
that 




uiracviuu «i 
^ of tba apbara tba 
~ products tba ware 



Tbt baat daacripUon of your pbeertmtlone ia 

A. *o obaerrabla chance ramult'a from tba motion of tba mpbara that 
la producing tba wm?ae.\ 

B. Tba wmvee mra cloaar t^ogatbar in front of tba morinf mcmrce than 
babind tba morinf aourct 

C. Tba waree mra cloaar together 

D. 1ml mnift ia obmarrad , 

j. vban tba mourca of tbm mmtar wares mored, tba warae trmrallad mt 
dlffaract mpaada 
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9. Vac tb« fr»pb balow Is *n*w«rlng tbi* itwn. 

TYPICAL SYSTOLIC BLOOD PRESSURE AGE 

& u»o I- 



j 120 

5 ioo 

E 80 

<£ 60 



JL» 

3 20 

■9 

o 




_L 



J_ 



-L 



4- 



5 10 15 20 25 *> 35 to L5 50 55 60 65 
Age in Tura 



The best statement resulting from intsrpreting the data in the graph sbo?e ie 

A. Systolic blood preesure typically increaees witb'ege, vsdtb the 
»ort rapid increase beppeniog during the firet year eftar birth 

/ 

B. Blood preeeurs typically increasee with ege 

C. Systolic blood pressure typicelly increasee with ege 

D. Tfce systolic blood pressor* typicelly increaeee with age et e nearly 
constant rate 

E« 3ystoUc blood pressure typicejly increases until epproxlaately ege 
20 and then stays constant 
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10. Tb» graph balow abows tba data fatbarad whan sona atudanta wara obaarring 
bow tba concantration of a solution changed with ti»a. ill othar variablas 
war* bald conrtant. 



I 

V 

5 



7r- 
6 

5 
h 
3 
2 
1 
0 



COHCBmUTION TIME 




I 



J 



8 12 16 20 2L ?B 32 36 Co EE L8 
Tlaa Is Mimitaa 

Tba bast int • rp rata t ion of tba data as it is displayad in tbis rraph ia 

A. Concantration dacraasas ss tiae incraaaaa 
^ B. Concantration is diractly proportional to tima 

C. Concantration incraasef as time lncraasas 

D. Concantration rare* ins constant 

E. Tbare is no apparant ralstionship batwaen concantration and tune 



11. Using tba graph containad In problan 10 abo*a, pradict tba concantration 
when tha tiae ia liO adnutas. 

A. 3-0 aolaa/litar 

B. 2.0 Bolas/lltar 

C. 0.5 ■olaa/litar 

D. 0.0 ■olea/liter 
£. li.O ■olaa/litar 



a 
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12. teapot actirity btttMD tbt yaara 1900 and I960 mobwl m aaxlra durinc 
aaob of tbt following yaara i 

1906 
1912 

ma ^ 

192 li 
1930 
1935 
191*1 
191*7 
1953 
1959 

Baaad upon tbt diU girm, mbm it tbt naxt (aftar 1980) nudra wn^ot 
activity UJcaly to occur? 



A. 


2000 


B. 


19B7 


C. 


1962 or 1963 


D. 


1981 or 1965 


t. 


1965 or 1986 



13. A group of ttodanta art foinf to conduct an axparlmant, to d tt train t tbt 

ralationabip, If any, bttwate tbt mount of t particular typt of ftrtiliitr 
maad and tbt rtaultlnf crop ylald. all otbar important tariabltt art 
aolnc to bt cent roll ad. Which out of tbt following it an tsptrimiUl 
Jkriabla? 

A. Tbt amount of ftrtilittr uttd on aacb ajpariaantal plot 
R. Tbt typt of fartiliitr utad on aacb axptriaantal plot 

C. Tbt avount of land utad for aacb axptrlmtnUl plot 

D. Tbt Mount of vattr appllad to aacb axptriaanUl plot 

I. Mont of tbt itaat liattd abort art Ttriabltt durlnf tbt axptriaant 
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lb. dpaad and tiat data ««r« racordad abila obaarring a 1-kf um, atarting 
fron raat, fall through a tcUl diatanca of 2 Mttn, 1 graph containing 
tbt ap**d and tUi data It abovn balow. 



SPIED TIKE 




0.1 0.2 0.3 O.li 0*5 0.6 0.7 
Ti»a in Baoanda 



Which ona itaai frcai tba 11 at bale* was an axparlaantal nriabla during 
tha tiaa tha data aara baing gatharad in tha aituauon daacribad abo?a? 

A. Maaa of tba falling objact 

B. Starting apaad of tba falling objact 

C. Volaaa of tba falling objact 

D. Total dlatanca mo?ad by tba falling objact 
I. Tiaa tha objact bad baan falling 
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15* Th* graph below contain! information about tht ralatlonabip bataaan rata 

of ana j— action and taaparatura aban pH and ooncantratlona ara bald oonatant. 



iati or mzva actio* t§ twbitoi 



4* 

O 



O 



5 




[ I 1 J I I 

o io eo 30 ao 50 

Taaparatara In °C 



If tba taaparatura ia bald oonatant at 2$°C, it oan ba pradictad that the 
ansjaa raaction rata will aoat llkal? 

A. Coctinna to incraaaa »t tba aaaa rata 

B. Dacraeaa 

C. Drop to itro 

D. laamln oonatant 

t. Incraaaa, bat at a alovar rata 



o 
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The chert below ehows the twpereture chenge • pereon feels due to wind 
(eometUnee called the "chill fictor") -hen the wind-free te-persture of 
the eir ie 15-^jC. 



Wind Speed 
kilaneters/bour 


Temperature Cbange 

°C 


0 


0 


8.0 


-?.3 


16.1 






-6.7 


3^.0 


•7.8 


iiO.l 


1 -6.9 



3e 9 ed upon the data ibore, whet can the tvperature chenre be predict^ 
to be If the -ind .peed were lncreeeed to «.l kiloneters/hour? 



A. 


o°c 


B. 


-1.1°C 


c. 


-16.9°C 


D. 


-15.6°C 


E« 


-10.0°C 



Which of th. following it the beat example of a ecientific model? 

A. A bwan skeleton 

B. A labeled cutaway diagram of the earth 

C. 1 email working ateaei engine 
, D. A computer 

I. All of the examples above are equally good examplee of acientific 
modele / 
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18. Ac outdated sciantific aodtl portrayad alactricity at compoaad of positi*a 
and nagatira fluids. Somatbinf tbat ni tltctrically ontrtl (no cbarge) 
bad aqual amounts of both typas of fluid. Which on* of tbt following it 

a tttttblt prediction ba— d upon this modal ? 

A. dtctricitj can only axlft on aartb 

B. An ©bjact witb a poaitira cbarga rill ba baariar than an objact 
with an aqual amount of nagafciTa cbarga 

C. dactricity can only flow fro* poaitiTa to nagati*a objacta 

D. A nautral obiact tbat ia giran a poaitirw cbarga will g»in 
matt (waigbt) 

I. Mont of tba atatamants abort art ttttablt pradictiona baaad 
upon tba modal girtc 

19. Sciantific modala oan ba uaad to do all but ona of tba following. Wbicb 
ont ia not an appropriate uaa of tciantific modal t? 

A. Maka pradictiona 

B. Prorida applanations 

C. Answtr qutttiont 

D. frort aciantiflcally tbat aomatbing ia trot 

I. Suggast topics or qutttiont for sciantific rttaarch 

20. Wbicb of tba following is not azplaintd by uaa of a aciantific modal? 

A. Tna structura of atoms 

B. ftaman thinking procttttt 

C. totrfj fomation in atara 

D. Evaporation of wattr 

I. All of tba itams abort art aapUinad by using sciantific modala 



370 



21. Tbt picture btlov sbovp * ■ftor rtlck being umd to wnrt tbt l*nfth of 
« rook MHplt. 




Tbo host ortlaftto of tbt lmgtb of the rock mmpl% it 

A. 10.0 en 

B. 7.>0 an 

C. 10.7 ■ 

D. 17.30 an 
£. 107-3 » 
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22. A etudent ia uiing • 100 ml freduated cylinder to aeaeure the rotaae of 

• liquid eanpla. The sketch below abova a portion of that graduated cylinder. 



= 90 



90 




= 60 



= 

LP 



= y 



Tba beat egtlaate of the roliaie of the liquid in Utera ia 

A. 6L.0 Utera 

B. 0.655 Utera 

C. 6.50 liter* 

D. O.O6J4O Utera 

E. 0.0655 Utera 
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'3- The maia\of a bone is beinr determined by usins a laboratory balance. 
The picture below was taken yhen it was time to read the mass frar. the 
balance 



Hi 




The best estisute of the mas? of the bor.p in k: lo^rars is 

A. 150.0 
F l5i .0 kr 
c . 1 l ^ f r 

E. 1. rV 1^ kf 

t. t .19 kr 
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2li. A atopclock was used to measure the time required for a pendulum to 

canplate one awing. The picture below ahows the reading on the atopclock. 



\ 
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best 


astmate 


A. 


2.7 s 


B. 


?3- r s 


C. 


s 


n t 


lc3.S 3 


£. 


K-3" s 



r 
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APPENDIX F 
STUDENT MATERIALS AND QUESTIONNAIRES 

1. Student Information Sheet (SIS) 

2. Student Answer Sheet 

3. Questions Appended to the Science Process Competence Test 

4. Student Information Sheet II (SIS TI) 

5. Student Information Sheet III (SIS III) 

6. Sample Two Letter of Notification 

c 
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STUDENT INFORMATION SHEET 



STUDENT INFORMATION SHEET 



NV!E 



(last ) 
SEX M F 
( KAJF 4 ID 1J 

BIRTH DAT! 



(first) # 



(middle initial) 



(mom h ) (da\ ) (\eari 

SCHOOL Clackamas Milvaukie Rex Putnam 

SCIENCE C&ASS 

PERIOD 1 2 3 A 5 6 
TEACHER 4. . 



HAVE YOl COMPLETED Ajfl OTHER HIGH SCHOOL SCIENCE CLASSES 0 its 



No 



IF THF ANSWER TO THE QUESTION ABOVE IS "YES," PLEASE LIST ALL OF THE HIGH 
SCHOOL SCIENCE COLRSES THAT YOL HA\ T E COMPLETED 



PLEASE WRITE THE NAME OF THE LAST MATHEMATICS COIRSE THAT YOU COMPLETED 



JVM OF H/(.H SCHOOL ATTENDED 



WERE iOI IN A SCIENCE CLASS IN GRADE 1° Yes All iear Part of Year No 1 

WERE YOl IN A SCIENCE CLASS IN GRADE 8° Yes All Year Part of \ear No 



PLEASE DO NOT MARK OR WRITE IN THE SPACE BELOW 



STUDENT ANSWER SHEET 



aciwa ywociss nsr u^itH shbt 
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RUB BO KT 

X I I X XXX 



X 0 



NUJ 


[ TOUR AMKXS III TO ATICIS MUM 




a b c d e 




a b c d e 


1. 


0 0 0 0 0 


14. 


ooooo 


2. 


0 0 0 0 0 


15. 


ooooo 


3. 


0 0 0 0 0 


16. 


ooooo 


4. 


' 0 0 0 0 0 


17. 


ooooo 


5. 


ooooo 


18. 


ooooo 


6. 


0 0 0 0 0 


19. 


ooooo 


7. 


ooooo 


20. 


0 p 0 0 0 


8. 


ooooo 


21 . 


0 0 0 0^0 

o o o c/o 


9. 


ooooo 


22. 


10. 


ooooo 


23 


ooooo 


11. 


ooooo 


24. 


ooooo 


12. 


ooooo 






13. 


ooooo 







IDi 



lflr«t UlUr of T»Sl turn) IWrtto StSI 
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QUESTIONS APPENDED TO THE SCIENCE PROCESS COMPETENCY TEST 



25. Do you fool th*t you loarnod anj acltfioo in •ohool THIS TEAR OUT- 
SI D8 OF TOUR SClPiCg CUSS that helped you miMr iny of Ui* 
tpMttions on this Uit? 

fltuM droit your raapena*. TES NO 

If you anntorod TRS, plaaaa iodic* t« wbarat 



26. 



Do you f*al that you litnMd any ociano* OPTSIDg OF SCHOOL THIS 
ma that balpod you anmar any of too quiHIgni on tola Uit? 



FImh droit your roapona*. TXS K> 

If you anawarad TXS, plaaaa InrfloaU wbara by drollnf on* or »oro 
of th« ~ltawi balowi ^ 

TT fUUDING OKSI NJfllS OTHER (Plaaaa liath _ 



STUDENT BtFCfltflATION SHEET II 
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STPDBfT IEFORHAH0W 5KIKT II 

}- [inn cnsn rsnairKrnnr 

2. SCHOOLi CUctaoi KUwoukio Rox F»tno» 



>. BIRTH ^kTti 



U. SIX i M F 

5. OKADSi 9 10 U 12 

* FLEASE LIST ILL OF TOOK HIGH SCHOOL (9-12) 3CIWCE COURSES M THE ORDER WAT 
TOO COMFLETXD TcZ?., UCUJDIRG COURSES TAE5D THIS TEAR: 

TEAR II SCHOOL COURSE AAHE(S) I?^f 

^ 9 10 11 12 — 

9 10 11 12 ^ ■ — 

9 10 11 12 

9 10 u 12 lit em gg p na tpg spiel, reesi o sg « bjicr sy marl) 

7 FLTOSI LIST AI& OF TCHR ifcOH SCHOOL (9-12) MATHEMATI CS COURSES IM WE ORDER 
THAT TOO C0I7LETID TO*, WCLUDDW COURSES TAIW THIS TEARi 



TEAR II SCHOOL COTOE «AKE(S) 
9 10 11 12 - 



9 10 11 12 ^2. 



9 10 11 12 ^ 



9 10 U ^ ( I? T M1 WWJUIU y« frUCtt, F lita P SI M HCR Of B US SR B T7) 
6. junoa boh 'ckwl AraraED. ijokot McUmHim mioookio otb#r 

(If yoo itUnM m tten jmior fal«h. droit your olfbtb crodo ochool.) 

9. JU1TI0R Rial! SCBXL SCIWCIi WtADE T Too *> t 

If Tm. All Tom- Port of Toor t 

\ QRADE 6 Tot »o t 

If Top, All Toor Fort of Toor t 

10. 8CIHCB UAWTD O0TSXBB 3CXS3(^ CLASSES i 

At tCgOOL Tot Io If Too, oboro? 



OOWM SqPOL loo * If Uf . --rot 1* ** Holo. 

Oihor frloooo opoclfr) 
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STUDENT INFORMATION SHEET III 



STUDENT INFORMATION SHEET III 



NAME 



(laltl v fir st) {-Addle initial) 

SCHOOL* Clackamas Kilvaukie Rex Putr.a- 



BIRTH DATE , _ . , 

" (month) (dap (year 1 

GRADE: 9 10 lA 1Z 



SCIENCE CLASS 



SCIENCE TEACHER 



SCIENCE CLASS PERIOD . 1 ? 3 U v 1 

Have you bear, enrolled in a MATHEMATICS class PUR INS THIS S CHOOL YEAR 0 
YES NO 

If YES, please provide the .,e-e cf the course (s) and teachers(s) in the 
space(s ) belcv . 



SEMESTER 1* , r 

(nane cf nathenatics czurze , (teacher; 

SEMESTER 2 , r 

(nane of mathematics course' (teacher ) 
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SIMPLE TWO LETTER OF NOTIFICATION 



May 12, 1982 



Dnr 

Ton are one of • small group of Rex Putnam High School 
students selscted to participate in one portion of a study of 
the North Clackamas School District's high school science pro- 
gram. All thst will be required from you can easily be con- 
pis ted during one class Period. The tine that has been selected 
is PERIOD 1 on TUESDAY, M*T 15 , 1982. Tou have already been 
pre-excused from your scneauied first period clar- on that azy 
and should report directly to the AUDITORIUM , where regular 
attendance will be taken. 

Since the number of atudents in to 1 Ted is small, your val- 
uable input is extremely important. Your participation in this 
activity will have no effect on your grade in any class, and 
your anonymity ia guaranteed. If you have any questions, please 
check with Mra. Winthere. 

I certainly hope that you are excited about being one of 
the group of people choaan to participate in this portion of the 
atudy. I am looking forward to easing you during first period 
on Hay 16. 



David C. Cox 
Project 4 Director 
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VARIABLE LIST 



ABBREVIATION 



VARIABLE- 



ADVBI01 

ADVBI02 

ADVCHEM1 

AD VC HEM J 

ADVPH1 

At.h 

AL(- 

AMT7SC1 
AMI 7SC2 

AMT8SC1 
AMT8SC2 

ATSCHOOL 



One semester of elective Advanced Biology 
One year of elective Advanced Biology 
One semester of elective Advanced Chemistry 
One year of elective Advanced Chemistry 
One semester of elective Advanced Physics 
Age, to nearest one-tenth year 
First year of algebra 
Full year of science in grade seven 
Less than one full year of science in grade 
seven 

Full year of science in grade eight 
Less than one full year of science in grade 
eight 

Science learned at school outside of science 
class 



BI01 

BI02 
BVNDALC 



One semester of elective Biology 
One year of elective Biology 
Mathematics after first-year algebra 



CATFALL 

CATGR7-CATGR11 

CAT LANG 

CATMATH 

CATREAD 

CATSPRNG 

CATWINTR 

CHEM1 
CHEM2 
CLACKHI 
CLASSIFY 

CREATE 



CAT administered during September through 
November 

Grade level (7-11) when CAT administered 
CAT total Language standard score 
CAT total Mathematics standard score 
CAT total Reading standard score 
CAT administered during March through May 
CAT administered during December through' 
February 

One semester of elective Chemistry 
One year of elective Chemistry 
Clackamas High School 

Sample One pretest and Sample Two score for 

SPCT Classifying Subtest 
One or more created CAT scores 



ELECSCI 
ESI 

ES2 



One or more semesters of elective science 
One seme'ster of elective Earth and Space 
Science 

One year/>f elective Earth and Space Science 
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CENMTH 

GRADE9-GRADE12 

GR7SCI 

GR8SCI 

ID 

INTER? 

ITEM1-ITEM2A 
ITEM1A-1TEM24E 

JH1-JH4 
JH5 



MEASURE 
\ 

MILHI 
MODEL 

MOVIES 



NATSC1 
NATSC2 

OBSERVE 

OMSI 

OTHER 

OTHER1 
OTHER2 
OUTSIDE 

PERIOD1 -PERIOD 7 

PHY1 

PHY 2 

PHYSC1 

PHYSC2 

PITEM1-PITEM24 



General mathematics 

Grade level during 1981^82 school year 
Science in grade seven 
Science in grade eight 



\ 



Schpol 

Sample One pretest and Sample Two score fe>r 

SPCT Interpreting Data Subtest 
Correct responses to SPCT items foy Sample 

One pretest and Sample Two 
Incorrect responses to SPCT items for - Sample 

One pretest and Sample Two 

Junior high schools in the North Clackamas 

School District 
.Junior high schools outside the North 
Clackamas School DistTict 

Sample One pretest and Sample Two score for 

SPCT Measuring Subtest 
Milwaukie High School 

Sample One pretest and Sample Two score for 

SPCT Modeling Subtest 
Science learned outside of school from motion 

pictures 

One semester of elective Natural Science 
One year of elective Natural Science 

Sample One pretest and Sample Two score for 

SPCT Observing Subtest 
Science learned at the Oregon Museum of 

Science and Industry 
Science learned outside of school from 

sources other than television, reading, 

OMSI , or movies 
Laboratory assistant and/or science Reading 

and Conference 
Science class completed outside ofothe North 

Clackamas School District 
Science learned out side of school ' - 

Sample One science class period 
One semester of elective Physics 
One year of elective Physics 
One semester of elective Physical Science 
One year of elective Physical Science 
Correct responses to SPCT items for Sample 
One posttest 
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a 



PITEM1A-PITEM24E 


Incorrect responses to SPCT items for Sample 




One po&ttest' 


'POSTTEST 


SPCT posttest 


PPROCOMP 


SPCT posttest score for Sample One 


PREMATH1 


General mathematics 


PREMATH2 


First-year algebra 


PREMATH3 


Mathematics beyond algebra 


PRESCI1 


Natural Science 


PRESCI2 


Chemistry 


PRESCI3 


Physics 


PRESCI4 


Biology 


PRESCI5 


General Science 


PRESCI6 


Astronomy . ^ 


PRESCI7 


Physical Science 


PRESCI8 


Earth Science 


PR£SCI9 


Electronics * 


PRESCI 10 


Earth and Space Science 


PRESCI11 


Integrated Science 


PRESCI 1 2 


Science Concepts 


PRESCI 1 3 


Modern Science 


PRETEST 


SPCT pretest 


PRETESTL 


SPCT pretest completed late 


PRETESTM 


SPCT Pretest made up 


PREVSCI 


Previous high school science 


PROCOMP 


SPCT pretest score for Sample One and 




Sample Two 


PTCLASS 


Sample One posttest score for bPCI LlassHy- 




ing Subtest 


PTINTERP 


Sample One posttest score for SPCT Inter- 




preting Data Subtest * 


PTMEASR 


Sample One posttest score for SPCT Measuring 




Sub test 


PTMODEL 


Sample One posttest score for SPCT Modeling 




Sub test 


PTOBSV 


Sample One posttest score for SPCT Observing 




Subtest 


PTSTLATE 


SPCT posttest completed late 




" Sample One posttest score for SPCT Identify- 


** 


» ing Variables Subtest 


PUTHI 


Rex Putnam High School 


READ 


Science learned outside of school by reading 


SCISEM1 


One semester of elective Science Seminar 


SCISEM2 


One year of elective Science Seminar 


SEX 


Gender 


SMELSC1-SMELSC10 


Semesters (1-10) of elective science 
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TEACH1-TEACH4 

TEACH5-TEACH8 

'\ TEACH9-TEACH12 

TV 

TYPESC1 
TYPESC2 
TYPESC3 
TYPESCm 

rsi' 

a*. ^ 

VARIABLE 



YRREM1 
YRREMJ 
YRREM3 



First-Level science teachers at Clackamas 

High School 
First-level science teachers at Milwaukie 

High School 
First-level science teachers at Rex Putnam 

High School 
Science learned outside of school bv 

television 
First-level Biology 

First-level Earth and Space Science 

First-level Physical Science 

First-level Unified and Integrated Science 

One semester of elective Integrated Science 
One year of elective Integrated Science 

Sample One pretest and Sample Two score for 
SPCT Identifying Variables Subtest 

One year removed from required science 
Two years removed from required science 
Three years removed from required science 



ERIC 

hnifliiiffnrrriaaiia 



« 



APPENDIX H 



UNIFIED SCIENCE EDUCATION 



386 



ERIC 



387 

UNIFIED SCIENCE EDUCATION 

Unified science education, as it is perceived by contemporary 
science educators active in its development and evolution, is a 
highlv desirable approach to teaching science for general education 
purposes. Unified science instructional materials are organized 
around themes appropriate for viewing the scientific enterprise as a 
unified way of developing and using knowledge. Due to this frame of 
reference, the approach either completely eliminates or dramatically 
minimizes the boundaries that are associated with the traditional 
discipline-oriented instructional structures. 

Organizational themes that have been found to be especially 
useful in unified science education are major science concepts, the 
science process skills, natural phenomena, and problems, especially 

of the science in society type. The major concepts and science 
Js skills that are most valued* in unified science education 
are those that are the most pervasive in the various science 
disciplines. Typical of such major concepts would be cycle, equili- 
brium, force, and field. Among examples of the science process skills 
would be observing, interpreting data, classifying* and inferring. 
Numerous examples of such fundamental concepts and basic process 
skills have been identified by Showalter et al. (1974). 
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Lindsay (1970) has also provided examples of appropriate science 
concepts and investigative skills* 

Some unified science developers operationally define "concept" 
in a different manner. The unifying concepts of these curriculum 
developers are closer to the conceptual scheme category of statement 
such as those found in Theory into Action ... in Science Curriculum 
Development (National Science Teachers Association Curriculum Commit- 
tee 1964). An example of this category of unifying concept would be 
"changes in the structural organization are accompanied by changes 
in energy." (Ward et al. 1969, p. 138)* The reference just cited 
provides a description of a unified science course designed around 
five of these types of unifying concepts. 

The learning activities within unified science units are drawn 
froa many different science disciplines, and in particular from 
existing discipline-oriented instructional programs. Another emphasis 
in unified science courses is to consistently provide a variety of 
learning modes, many of which involve concrete experiences. An 
enumeration of the characteristics of exemplary unified science 
instructional materials has been developed by Showalter et al. 
(1973) . 

Contemporary statements of the rationale underlying the unified 
acience approach have been rather widely published (e.g,, Burkman 
1972; Hurd 1973; Showalter 1975; and Cox 1980), with perhaps the most 
comprehensive statement to date provided by Showalter (1978a) ^ The 
reader part;icJfcrly interested in the rationale underlying the 
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unified science approach is directed to these references* Comment 
here will be restricted to only brief references to some of the major 
components of the rationale. 

The pervasive central element of the arguments for using the 
unified science approach is that this instructional organization has 
a particular appropriateness for promoting the development of high 
levels of scientific literacy for general education purposes. 
Another dominant theme is that the unified science approach provides 
an organizational structure that readily lends itself to enhancing 
the locally relevancy of the science instruction. In addition, the' 
unified science approach provides the opportunity to easily incor- 
porate science — society interface topics such as energy production 
and use or food additives into the science curriculum. 

A significant Contributor to the development of the unified 
science approach has been the Federation for Unified Science Education 
(FUSE). FUSE was founded by eight science educators active in unified 
science curriculum development in 1966 (Federation for Unified Science 
Education 1966). The organization has published two newsletters. The 
Federation for Unified Science Education Bulletin was published from 
1966 through 1971 and Prism II from 1972 until 1976. FUSE organized 
and sponsored frequent conferences, presented workshops, and served as 
an information clearinghouse. 

Funding from the National Science Foundation (JJSF) enabled FUSE 
to establish a national Center for Unified Science Education (CUSE) 1 
in 1972. (Prism II 1972), CUSE was located at The Ohio State 
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University in Columbus, Ohio, through its funded lifetime. The 
FUSE Center for Unified Science education is currently located at 
Capital University in Columbus, Ohio. * 

The unified science approach appears now to be generally 
accepted as a viable alternative to the more traditional 'science 
programs and courses that have been used to address the science 
education dimension of general education. This is evidenced not 
* only bv the apparently increasing number of unified science programs 
in schools throughout the nation, but by references to the approach 
in the literature. The early references frequently refered to 
unified science programs as "experimental 1 ' (American Association 
for the Advancement of Science 1969, p, 1) or "curriculum innovations" 
(Troost 1968, p. 845). The more recent literature appears to take a 
"state of the art" point of view (e.g., National Association of 
Secondary School Principals 1972; Fiasca 1975; and McNeil 1981). 
McNeil (1981, pp. 61-63) has identified integrated studies, citing 
the unified science approach as an example, as one of three current 
trends in the academic subject curriculum. 

Unified Science Courses and Programs 

r 

The approach to science teaching known as unified science 
education established its American roots in the late l950 , s. The 
first clearly recognizable effort to create a complete high school 
level unified science program occured at The Ohio State University 
School, beginning in 1959 (Shovalter 1964). This four-yeaj program 
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also served as the focus for two of the earliest formal studies of 
the effects of unified science instruction on students, Slesnick 

I 

(1967) examined the comparative effectiveness of unified science 
instruction and contemporary "traditional" science instruction 
in enabling students to achieve a "rational image of the universe," 
Slesnick concluded, with qualifications, that the unified science 
students had in fact developed a more "inclusive" rational image of 
the universe. Richardson and Showalter (1967) investigated the 
possible long term effects of high school unified science experiences 
on interest in science, scientific literacy, and preparation for 
college science. Findings indicated a general and consistent 
favorability , although not always significant at trie stated minimum 
level, for the unified science students. 

As had been the case for The Ohio State University School, the 
unified science materials developed by local school groups have for 
the most part been those to report the most positive responses in the 
classroom. This local development, perhaps mox^ accurately described 
as eclectic unit assembly, enables the materials to address directly 
the science education goals, objectives, and needs of the local 
community while taking into account the nature of the learners and 
the unique operational constraints (e.g., length of class periods, 
facilities, equipment, staff qualifications) ahd Resources (e.g., 
nearby natural phenomena, staff strengths, community business and • 
industry) of the educational setting. In summary, /locally designed 
and assembled unified science instructional materials are personalized 
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and customized for the target staff, students, and community, 

Integrated science 

Much of the early activity in the high school level unified 
science education arena consisted of the development and implementa- 
tion of what are now referred to as integrated science courses. 
These courses and programs, for the most part, restructured into 
multiple-year sequences the typical conten^crf^existing chemistry, 
physics, and biology courses. The most obvious advantages of such 
arrangements were elimination of unnecessary redundancy, logical 
content development, and operational validation of the interrelated- 
ness of the incorporated science disciplines. A rather comprehensive 
rationale for course development of this type has been articulated by 
Fiasca (1970). 

Among these early integrated science courses were two-year 
physics— chemistry sequences developed in Portland, Oregon (Fiasca 
1969), Millburn, New Jersey '(Blessing 1969), and Newark, New Jersey 
(Lerner 1964). A twp-year physics-chemistry-biology program was 
developed in St. Louis, Missouri (Bixby 1969). The science staff at 
Monona Grove High School, Wisconsin, developed and implemented a 
four-year integrated program (Pfeiffer 1969). The two-year sequences 
developed in Portland, Oregon, and Millhurn, New Jersey, soon evolved 
into three-year integrated chemistry-physics-biology programs 
(Cox 1975; and Blessing 1969). 
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Several of the early projects developed materials that were in 
the interface between integrated and unified science. Among these 
were a one-year ninth-grade course in Cupertino, California 
(Montag 1965) , a two-year program at the University of Chicago 
Laboratory School (Klopfer 1966), and junior high school programs in 
Michigan (VanDeventer 1968) and Florida (Bethune 1969) f 



Unified science 
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The locally developed unifief science programs of the 1970 f s 
displayed the pervasive diversity that has become a trademark of the 
approach. This program diversity is a reflection of the wide variety 
of perceived science education goals, valued instructional strategies, 
and unique educational resources and constraints that exist in 
secondary schools throughout the nation. The most clearly emerging 
trends during the decade of the 70 ? s were the increased number of 
course development projects at grades nine and ten, many of which 
have highest emphasis on development of the science process skills, 
and the movement towards some form of semi-individualized instruction. 
Exemplars of the diversity within unified science programs span the 
nation and encompass schools of a wide variety of types. 

The lower form of the Matteo Ricci College Unified Science pro- 
gram in Seattle, Washington, is a three-year program for grades 9-11. 
The first year of the sequence uses the instructional materials de- 
veloped for the initial year of the Portland Project course. Years 
two and three are locally developed materials of the modular unit 
type. The modular unit format (Center foj Unified Science 
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Science Education 1975) is a semi- individualized format. 

Towards Humanization and Individualization of Science (THIS) ivs 

a three-year individualized unified science program designed for use 

in grades 10 through 12, It was developed at Moline, Illinois, 

y 

Senior High School, but has been used At a number of different 
schools (Bushman and Soar 1976), The instructional materials consist 
of approximately 250 modules, each one of which consists of rationale, 
objectives, sample evaluation, commentary, learning activities, and 
a list of resources, A great variety of module mix and match 
possibilities exist, since' there is no designated sequence. 

The first year of science at Rex Putnam High School in Milwaukie, 
Oregon, is a unified science course whose instructional implementation 
is somewhat traditional. It features a science process skill 
orientation with a high percentage of student directed hands on 
activity, which encompasses about 85 percent of the classroom time. 
The course consists of 12 locally developed units averaging 3 weeks 
each. The student materials are bound in three-ring binders to form 
the student "text." This course is the unified science course 
included in this study. A detailed description of the course and the 
mechanics of its development has been prepared by Cox (1979), 

A kindergarten through grade 12 unified science program was 
implemented in approximately one hundred schools\in Anne Arundel 
County, Maryland (Fertitta 1975), The program is Wlf^paced until 



about age 15, where semester length 




1 



available. 
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The science staff at P,K. Yonge Laboratory School at the 
University of Florida have developed a three-year Correlated Science 
Program (Gadsden et al . 1975) for the higti school years, This self- 
paced unified science program is built around six major concepts 
(e.g., equilibrium, models). In addition, P,K. Yonge offers a one- 
year Aviology course, which uses the phenomenon of flight as its 
unifying theme for the study of science. 

The Unified Science Education for Rochester, New York, program 
consists of three 10-unit courses for use in grades 9 through 11. 
These modular unit materials were developed cooperatively by the 
Rochester City School District and the Diocese of Rochester, 
starting in 1976. (City School District of Rochester 1977). 

Not all high school level unified science curriculum development 
has been restricted to a single schbol or school district. Two 
larger scale projects have also undertaken the task, The Educational 
Research Council of America (ERCA) Science Department developed a 
unified science program cons istln^oJ^j4umD^ of flexible format 
units designed for use in secondary school science, The largest 
unified science project to date, however, is the Individualized 
Science Instructional System (ISIS) undertaking. ISIS is anchored 
around a number of minicourses (e.g., Heart Attack , Household Energy, 
Buying and Selling ), each of which requires about three weeks of 
class time. These commercially produced materials are promoted and 
used nationally. 
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TABLE 16 \ 



Sample One Clackamas Nlnth-klrade Physical Science SPCF^retest/Posttest T -Tests . 



VAftlASLE 


MJMtER 
OF CASES MEAN 


+ ♦ A itA AAA 

STANOARO 
DEVIATION 


+ ♦ A fti A AAA 

STANOARO 
ERROR 


*(OtFFERENCE) 
• MEAN * 


STANOARO 
DEVIATION 


STANOARO 
ERROR 


• r 

• VALUE 


••ROCONP POST TEST SFCT SCORE 
13.2111 

44 

v , 10.6250 
MOCWP PRETEST S»tT TCOAE 


3.244 
3.443 


0.405 
0.430 


• 2.4949 


3.183 


0.398 


• 4.48** 


CLASSIFY 


2.5711 

44 

2.5154 


0.117 
0.854 


0.111 
0.107 


• 0.0425 


0.941 


0.118 


• 0.51 


' riuiaf 
OS SERVE 


^•♦531 

44 

1.9531 


0.942 
1.105 


0.118 
0.138 


• 0.5000 


1.309 


0.144 


• 3.04* 


PTINTERP 

— 

INTERS 


2.9488 

44 

2.0154 


0*975 
1.215 


0.122 
0.152 


• 0.9531 
• 


1.302 


0.143 




PTVAR 

t 

r 

VUIAttfc 


1.9375 
1.7181 


0.889 

1.015 


0.111 
0.127 


• 0.2188 


1.133 


0.142 


* •» 

• t.$4 


PTHODEL 

* 

MODEL 


1.2454 

44 

0.1431. 


0.980 
0.739 


' '0.122 
0.092 


w 

• 0.4219 


1.204 


0.151 


• 2.80* 


PTNEASR , 
MEASURE 


2.07*1 

44 

1.57*1 


1.074 / 
1.152 


0.134 
0.144 


• 0.5000 


1.285 


0.141 


• 3.11* 


* .003 
P«« ,001 




* 

% 












i 


♦ 

i 






131 








* * 


•a * \ 















TABLE 17 



Sample One Clackamas Tenth-Grade Biology SPCT Pr^test/Posttest T-Tests 



VARlAStE 


NUHBEfl 
OF CASES 


MEAN 


tTANOARD 
DEVIATION 


STANDARD 
ERROR 


•tDfFFERENCpl 
• MEAN 


STANDARD 
DEVIATION 


STANDARD 
ERROR 


• t. 

• VALUE 


pprocohf 


rOSTTEST SPCT SCORE - 
11.9.773 

132 < 

10.1*94 
•HE TEST SPCT SCO HE 


3.53) 
3.133 


0.307 
0.273 


• 1.7179 

* 4 


?.431 


0.244 


♦ 7.24** 


MCUSS 

classify 


132 


2.5074 
2*1515 


0.941 
0.920 


0.044 
0.010 


• 0.3561 


1.104 


0.094 


t 3.70** 


tnotsv 

OBSERVE 


132 


2.3112 
, 1.9314 


0.902 
0.974 


0.079 
0.0S5 


♦ 0.3464 


1.053 


0.092 


• 4.21** 


FTINTW 
INTERF 


132 


2.3133 

4 

2.2103 


1.015 
1.141 


0.094 
0.101 


♦ 0.3030 


1.223 


0.104 


♦ 2.43* 


WAR 

V All! AILS) 


132 


1.4591 


* 1.045 
1.025 


0.093 
0.089 


• • 0.23*4 


1.253 


0.109 


I 2.15* 


HOOCL 


r— 

* 132 


0.7179 
0.4591 


0.742 
0.475 


0.063 
0.059 


• 0.12*1 

4 * 


0.952 
—J. ■ 


' 0.043 


♦ 1.55 


PTMEASR 
NtASURI 


m 1 - 


1.1444 
1.3074 


1.103 
0.992 


0.094 
0.014 


• o 

4 ' 0.3744 


1.149 


0.100 


4 3.79** 

• 



* f S .025 
t* f < .001 

/ 
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.' 1 * • • 

Sample One Clackamas Tenth-Grade Physical Science SPCT Pret^est/Pos.tttest T-Testg ' 



VARIABLE 


NUNUER 
OF CASES 


HfcAN 


STANDARD 
DEVIATION 


— 4 

STANOARD 
ERROR 


♦(DIFFERENCE! STANOARO 
* HE AN DEVIATION .. 


.STANDARD . 
• ERROR 


* 

ft*' 
• 


f ' ' 
VAtUE 


FFROCOHF 
FROCONF 


FOSTTkST SFCr SCORE 
11.0919 

37 

ft.6*S6 

FRETEST SFCT SCORE 


3.596 
2.901 


0.391 
0.671 


• 3.2632 3.7lfc 


0*613 


*•* 
♦ 

• 

• '* 


< • 


FTCLASS 
CLASSIFY 


37 


2*32*3 
1.736t 


1.002 
1.031 


6.163 
0.171 


•** 

• 0.3*7* 1**05 


0.231 


ft " 
♦ 

'6. 


*.***''■' 


FTOtSV 
OBSERVE 


37 


_JI.9730- 
1.7561 


1.067 
0.913 


0.173 
0.162 


£ t> « « 

tf.2l62r 1.3^ 


» 

0.230 ':. 

•v.. ' 


• 

* 6 


O.I#*; x 


FTINTERF 
INTERF 


37 


2.5966 
1.7561 


1.IM 


0.203 
0.193 


0.1371 1.772/ 
^ ■> • 

ft 


• 

0.291 


ft'" 
/ft 

ft 

• 
* ft 


2.66* 


FTVAA 
VARIAlLf 


37 


2*1011 
1.3243 


0.936 
1.012 


0.156 
0.171 


♦ 0.7636 1.516 ; 


0.260 


ft-» 
♦ 

ft • 
ft 


»' . *** 
• 3.01 * . 


FT NO DEL 

it- 

MODEL 


37 


1.U92 
0.6669 


0.931 
0.911 


O.tift 
0.131 


♦ 0.3263 >V 1*203 . 


f ," oaw 


ft 
ft 
ft 

ft' 
ft _ 


1*46 


FTHEaSR 

Measure 


37 


1.7027 
1.1192 


0.760 
0.*>6 


0.122 
0.169 


• *"*#?• 

• 0.3133 • ; Van 


0.196 


* ft* 
ft. 
ft 4 

* •* 


V 



* P 5 .01 
*+ f < .001 



... AC- 



TABLE 19. 



Sample pn^MUyaukie l^lnth-Grade-Bldlogy SPCT Pretest/Posttest T T Tests ' 



VARIABLE .-NUMBER *" ST AND AH 0 *TANDARO • lOJFFEREtiCE I STANDARD STAN0ARD I* I 

\ OF CASES: * 'HE AN DEVIATION ERR OK • . MEAN OEVIATION . - ; ERROR ♦ VALUE 

PPAOCOHP POSTTfcST SPCT SCPR* 1 - • 

,.10.1111 3.500 0fc302f • '* : 

* ' * 135,' ■ '/ ♦ 1.3t«" 

*' tf.4000 , 3.449 , 0.300 • . 

PROCONP PRETEST SPCT StfURE / * * 



.t" 



3.123 



'•\"\ ' • 



PTCUSS 
CLASSIFY 



13? 



1.6074 



U030 0.0*9 • 

• 0.4000 

0.99^ \, 0'.046 ♦ m \ , 



PTOfSV 



• OtSERVE 



1.9430. • .0.965 0.<J43. • . 
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TABLE 21 



Sample One Milwaukie Ninth-Crade Integrated Science SPCT Pretest/Posttest T-Tests 



VARIABLE 


NUHBtR 

of Cases 


MEAN 


SIANOAHD 1 
OEVIaT 1UN 


wf STANCIARO 
tRROR 


*IOlFFtR*NCEI STANDARD 
• MEAN OEVlATION 


' STANDARD 
ERROR 


• T 

9 VALUE 


PPRQCOttP 

V 

PROCOHP 


POSTTEST SPCT SCURE 
V *.3l02 
22 

t.«2T* 

PRETEST SPCT SCORE 


4.005 
3*3^4 


0.054 
0.T24 


• 1.0909 2.671 

: /.' 


0.569 


♦ 1.92* 


PT CLASS * 
CLASSIFY 


22 


1.5909 
1.5909 


1.09b 
1.054 


* 0.234 
0.225 


— — . i j 

• t 0.0 1.U3 


0.237 


I 0.0 


PTOtSV 
06 SERVE 


22 


1*4091 
1.6111 


1.054 
0.995 


0.225 
. 0.212 

• 


♦ -0.2727 1.077 


0.230 


-1.19 


PT1NTERP 
IMTERP 


22 


4. • • OJ • 

1.5909 


'1.320 
1.36* 


. 0.281 
0.392 


♦ 0.2727 1*241 


0.265 


• 1.03 


PTVAR 
VARIABLE 


22 


i.oooo 

0.1 182 


0.1*73 
0.853 


0.116 
0.112 


9 0.1918 , 0.958 


0 .204 ~~ 


% ^ O.n9 


PTHOOEL 
NO DEL 


22 


0.8636 
0.1 lH 2 


0.MI9 
0.795 


0.190 
0.149 


♦ 0.0455 0.999 


0.213 


• 0.21 


PTNEASR 
MEASURE 


22 


1.5909 
0*7273 


1.141 
0.703 


0.243 
0.150 


• 0.8436 1*082 


0.231 


• 3.74** 


* |*.05 
** pcOOS 
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t TABLE 22 , 



Sample One Rex Putnam Ninth-Grade Unified Science SPCT Pretest/Posttest IVTests 



VAR1A41E 


NUMQER' % , 
OF CASES 


. ' SIANOAKD 
MEAN DEVIATION 


STANDARD 
fcRRUR • 


• (DIFFERENCE I 

• MEAN 


STANDARD 
DEVIATION 


STANDARD 
ERROR 


• T 

• VALUE 


MROCONf 
MOCOHf 


fQ&TTE&T **CT SCORE 
42 

11.564.5 
MUTEST %f CT SCORE 


3.454 
3.312 


0.434 
0.421. 


• 2.3548 

\ v 


3.152 


0.40^- 


• 5.44** 


PTCIASS 

ci)a$sw 


* 


2.741*1 
2*3710 


/ 0.114 


0^13 
^0.104 . 


• 0.3710 


\ 1.075 


0.137 


• 2.72* 

• <* 


•T04sv 

" 04SERVC 


Jb2 


2*4514 
2.1774 


1.042 
0**44 


^ 0.J37 1 


• ^0.2742 


< 1*190 


0.151 


• 1*41* 


M1NTIM 
INTER* 


42 


\ 

~2.»514 
2* 5445 * 


1.047 
1*111 


0.133 
0.141 , 


• 0.3471 


1.030 


0*131 


• 2*94\ 


k 


42 


2.1290 
1.7903* 


0*944 

* 1*103 




" J " 
• 0.3317 


* .1.342 


0^170 


* * ♦ 

% f 


pfaOEV 
HOOEl 


42 


1*35*4 
0.7097^ 


0.940 
0.43t 

> 


* 

0*122 
, 0*041 


0*4452 

J. ' ' " 


1U75 


0*149 


* 4*32° 


FINE AS* 


r .42 


2.2903 


1*145^ 


0.144 


^•3347 


4.oW 


* 0.134, 


• 2*44* , 


^MEASURf, 




1.9514 


• 1*104 


.0*141 




' * .03 

A* fr< .001 
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TABLE 23 

Sample One Rex Putnam Tenth-Grade Unified 



Science iSPCT Pretest/Posttest T-Tests 



VARIABLE NUHBER ^ STANOAKO 
Of CASES H£AN OfeVUIjLO* 



STANOAftO 

fcRKUK 



wrOcw* rosmsT sfct *co*e 

12.1697 

145 

f ROCOHP PRETEST SPC1 SCORE 



3.969 
3.06^ 

^ 



0.262 
0.240 



PTCLASS 



CLASSIFY 



145 



2.4445 
1.7574 1 



p.976 
1.025 



0.074 
O.OSO 



PT06SV 



06 SERVE 



145 



2.2444 
1.4344 



0.934 
0*954 



0.073 
0.075 



FUNTERF 



INTER* 



145 



2.4041 
2.3091 



\ 



0.992 
1.043 



0.077 
0.083 



FtVAR 



VARIABLE 



145 



1.9030 
U5394 



1*031 
tf.965 



0.060 
0.077 



FTHOOEL 



MODEL 



145 



1.1434 
0.7497 



0.913 
0.495 



0.071 
0.054 



CONFERENCE) STANOARO STANOARO 
HE AH 0EV1AT1ON ERROR 



2.5091 



3.342 0.240 



0.4909 



1.252 0.097 



0.4465 



1.232 0.094 



•2970 ^.264 0.100 



0.3434 



1.200 0.093 



0.3939 



1.166 0.092 



FTHEASR 



MEASURE 



145tf 



U?+*4 
1*4465 



0*949 
0.976 



0.074 
0.074 



0.3152 



0.946 0.Q75 



* f COOS 
•* p< .001 
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Effect Sizes 

In order to more fully assess the educational significance of 
the SPCT pretest/posttest gains of the groups in Sample One, effect, 
sizes *fcr "deters" (A) were calculated. The A f s were calculated by 
dividing each group !s unadjusted mean gain by its post test mean 
standard deviation. The resulting A values are found in table 24. 

Two of the three largest effect sizes were associated with 
tenth-gradef groups, which is consistent with earlier findings 
indicating generally greater gains by tenth-grade students. The 
four largest effect sizes were found in two types Qf science — 

physical science and unified science: | 

* 

The entire battery of effect sizes are generally favorable 
in magnitude when compared to th*fse reported in the literature. 
The effect sizes for tt>e ttfo Clackamas Physical Science groups, two 
Rex Putnam Unified Science groups, and Clackamas tenth-grade «iology 
group are all larger than the mean effect sizes reported in several 
meta-analysis studies (El-Nemr 1979; Wise and Okey 1981; Sweitzer 
1982) . 

• Since groups with higher pretest scores are put somewhat at a 
disadvantage (e.g., less opportunity for large] mean gains) by the 
method of effect size computation selected by the investigator, the 
rather large effect sizes of the Rex Putnam ninth-grade Unified 
Science group and Clackamas ninth-grade Physical Science group are 
especially *nQteworthy. Also worth noting is the Sample One high 
effect size- of 0.90 by the Clackamas terith-grade Physical Science 




group. The largest effect size achieved by any of the large groups 

>. ' . * ■> 

(e.g., more than 100 students) was the 0.74 of the Rex Putnam 
tenth-grade Unified Science. 



TABLE 24 \ 

SAMPLE ONE GROUP EFFECT SIZES BY SCHOOL, 
GRADE LEVEL, AND TYPE OF SCIENCE 



^ Group 


N " 


A 


Clackamas 9 Physical Sci. 


64 


0.82 


Clackamas 10 Biol&gy 


132 


0.51 


Clackamas 10 Physical Sci. 


37 


0.90 


Milwaukie 9 Biology 


135 


0.37 


Milwaukie 9 Earth & Space .Sci. 


73 


0.37 


Milwaukie 9 Integrated Sci. 


22 


0.27 


Rex Putnam 9 Unified Sci. 


<* 

62 


0.68 


Rex Pujtnam 10 Unified Sci. 


165 


0.74 



Reading Achievement and the SPCT 
An examination of the correlations between the lowest reading 
level SPCT items (2, 5, b, and 14) and highest reading level SPCT 
items (1, 11, 12, 16. and 20) an<J the CAT reading achievement scyes 
showed that read^Ln^achievement was a factor, but not to the degree 
that it prohibited students with lower achievement levels from 
responding correctly, especially on the loyer reading level items, 

• ■ • j ■ 
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Additional analysis would be required in order to determine if 
there was a reading achievement "ceiling effect" for ^students with 
lower reading achievement levels. , 

Summary and possible educational 
significance * 

All groups showed a statistically significant gain at p < .05 

on the overall pretest/posttest^SPCT sco'res. The groups had 

^ • ** * 

effect sizes ranging from 0.27 to, 0.90. These findings are 

educationally significant, since they indicate that the district's 

science proce3s skill goal is being addressed to some degree by all 

of the first-level science courses in the high schools. 

However, tjiere are^ some possible type of science and school a 

differences worthy of further discussion. The Physical Science 

and Unified Science coursfes had effect sizes at least 33 percent 

greater than those in any of the groups representing other types of 

science. The effect sizes of the three groups from Milwaukie High 

School were the thrfee -lowest 'effect sizes.. However, these tyo 

potentially significant differences are confounded by such student 

variables as grade level, age/ serf, and^basic skill achievement 

level, as well as teacher variables. The findings concerning some 

of thesa -potentially important differences will bfe* found later iti 

this chaptet. 

No SPCT Subtest had significant (p < .05) pretest /poattest gains 
by all* groups, and only the Interpreting Data, Measuring, and 
Classifying Subtests had significant (p < .05) gains by six or 
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more of the eight groups* It should be noted that this is 
probably not due to a "ceiling effect" imposed by high pretest 
scores. The only groups showing significant (p <.05) gains on 
all Subtests were the Rex Putnam ninth- find tenth-grade Unified 
Science groups. 

. . Regression Analysis of SPCT Posttest Variance 
by Total Sample and Grade Level ' 

Independent variables important in accounting for Sample One. 

SPCT posttest variance were identified by <a two-step process. 

Initially, Pearson product-moment correlation coefficient matrices ♦ 

were generated for each group included in Sample One. ^11 measured, 

variables were included in each matrix. Those variables that had a 

V 

pattern of significant (p <.05) correlations with the SPCT 

*■ 

posttest scores,' SPCT posttest Subtlest scores, and/of each other and 

< 

had meaning in the context of the study, were identified. These 
variables were thfen subjected to multiple regression on the total 
SPCT posttest scores for Sample One and then the SPCT posttest, 
scores for the students in each grade level contained, within Sample 

One. , 

* * 

As a general rule, the regression equations selected for 
analysis and presentation were those that contained all variables 
accounting for approximately two percent or more of the, variance. • 



120 

Sample One K 

Table 25 presents the results of the multiple regression 
analysis of all Sample One student SPCT posttest scores* There 
were 15 independent variables entered into the multiple regression 
procedure. The regression equation contained four significant 
(p <.001) predictor variables that collectively accounted for 
53.00 percent of the variance. The equation had an F-value of 
186.94 with 4 and 663 degrees of freedom, which was significant at 

p < 0.001. ; 

The most important predictor variable was mathematics 
achievement, which accounted for 38.39 percent of the variance. 
The, other three variables, in decreasing order of importance, 
were the SPCT pretest, Milwaukie High School, and reading achieve- 
ment. Milwaukie High School had a negative regression coefficient. 

Removal of the strongest predictor variable, mathematics 
achievement , from the list of independent variables and repetiti6n 
of the multiple regression analysis produced an equation that 
contained three predictor variables. Table 26 presents the results 
of this multiple regression analysis. These three variables 
collectively accounted for 48.32 percent of the variance. The 
equation had an F-value of 206.96 with 3 and 664 degrees of 
freedom, which was significant at p < 0.001. ' . 

* Following the removal of mathematics achievement, the most 
important .predictor variable was the SPCT pretest. The SPCT pretest 
accounted for 37.33 percent of the variance. The other twb variables 



' • • ! 121 

were reading achievement and tyilvauljie High School, which accounted J 
for 6,50 and 4.50 percent of the Variance, respectively, Milwaukie 
High School again l\ad a negative Regression coefficient- 

Examination of the combined results of the two multiple 
regression analyses of Sample One and the simple correlations 
provides some insight into the relationships among important j 
independent variables. *The two most important predictor variables 
are mathematics achievement and SFCT pretest score. It is clear from 
•the simple correlations and the' results of the second multiple 
regression analysis that mathematics achievement and the SPCT 
pretest have a high positive correlation with each other. 

The entry of reading achievement into the second regression 
equation, and the simple correlations indicate that reading achieve- 
ment had a high positive correlation with mathematics achievement 
and the SPCT post test. Milwaukie High School* 8 increased importance 
as a predictor variable in the second regression equation reflects 
its negative correlation with other independent variables that are * 
increasing in importance as predictor variables. 

Npne of the different types of first-level science courses 
^entered Either regression equation. This indicates that the 
achievement level in mathematics and entry level science process 
skill knowledge, and t& a lesser degree level of reading achievement, 
were more important variables in accounting for science process skill 
development during the year than was the type of science experienced. 



* 
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TABLE 25 

Total Sample One Multiple Regression of 
15 Variables on SPCT Posttest Scores 



MULTIPLE R 0.72804 

SQUARE 0*53004 

'ADJUSTED R SQUARE 0.52720 

STANDARD ERROR 2.57725 



ANALYSIS OP VARIANCE OF 
REGRESSION 4. 
RESIDUAL 663. 



SUM OF SQUARES 
4966*69576 
4403.79973 



MEAN SQUARE 
1241.67394 
6.64223 



186.93625 



VARIABLE 

CATMATH 
PROCOMP - 
MILHI 
CATREAO 
(CONSTANT) 



"VARIABLES IN TftE EQUATION 

B ' BETA STO ERRCR B 



0.1362645 

0.3111316 

-1.667411 

0. 83379460-01 

-2.873997 



0.30670 0.01702 ' * ,66.038 

0.28256 0.03380 ^ 64.317 

-0.21023 0.21893 ,59.406 

0.17764 0.01731 , 23.481 



VARIABLES NOT IN THE EQUATION 




VARIABLE 



ATLANG 
EX 

TYPESCIl 
TYPESCIZ 
TYPESCI3 
TYPESCI4 
GRA0E9 
GRADE] 
CLACKHI 
PUTHI 



:10l . 

;hiV 



BETA IN 

0.01260 
0.10583 
-0.04683' 
-0.02782 
0.05406 
0.05471 
-0.04445 
0.01020 
-0.01020 
. 0.03073 
-0.03006 



PARTIAL TOLERANCE 



0;01209 
0.15275 

-0.05606 

-0.03860 
0.0684^ 
0-.07628 

-0.05887 
0.01066 

-0.01066 
0.03820 

-0.03776 



0.41975 

0.97905 

0.67351 

0.90450 

0.75321^ 

0.91356 

0.82439 

0.51319 

0.51319 ■ 

0.72618 

0.74161 



0.097 
15.815 
2.087 
0.986 
3.115 
3.874 
2.302 
0.075 
0.075 
0.967 
0.945 



VARIABLE 

CATMATH 
PROCCMP 
MILHI 
CATREAO 



SUMMARY TABLE 
MULTIPLE R R SQUARE RSQ CHANGE 



C.61961 
0.68828 
0.71651 
0.72804 



0.38392 
0.47373 
0.51339 
0.53004 



0.36392 
0.08982 
0.03966 
0.01664 



SIMPLE R 

0.61961. 
0.61094 
rO. 32691 
0.55537 



\ 
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TA^LE 26 



Total Sample One. Multiple Regression of 1A Variables on SPCT 
Posttest Scores yith ijtothematics Achievement Removed 



ANALYSIS OF VARIANCE , 

REGRESSION 

RESIDUAL 



664. 



MULTIPLE * 
ft SCUARc 

ADJUSTED .k SOUARE 
STANDARD ERROR 



CF 



3. 



0.%8323 
0.*6089 
2.70052 



!UM 



OF SQUARES 
4528.05658 
4842.43693 



VARIABLE 



- VAUIA3LES 



PROCOMP 0.*23879 5 

CATREAD 0.1S0526J) 

MILHI -1.7433,67 

£ CONSTANT I 0 . 9230oo 8D-02 



VARIABLE 
CATLANG' 

'sex 

AGE 

TYPESCH 
TYPESCI2 
TYPESCX3 
TVPESCI4 
6RA0E9 
GRADE 10 
CLACKHI 
PUTHI , 



VARIABLE 



XARt 
BET* 



ABLE S 
IN 



b. 10311 
0.C3225 
-0.C7759 
-0.03713 
0.02693 
0.042** 
-0.00 986 
0.03954 
-0.03954 
-OJ01021 
0J00692 



0.33495 
^.^187b 
-0.21720 



NOT IN Ti 
PARTIA 



0.09696 
0.113&2 
-0.08923 
-0.0*916 
0.03510 
0.05651 
-0.0125O 
0.03960 
-0.03960 
-0.6 1226 
0W01082 




EAN SQUARE 
1509.35286 
7.29^63 



206 .96*0* 



IN THE fcViUATIQN 

BETA £TD ERROR B 



0.03796 
0.01597 
0.22929 



EQUATION 

TOLERANCE 

0.45698 
0.98959 
0.65337 
0.90604 
0.76009 
. 0.91619 
0.6*155 
0.51817 
0.51617 
0.74531 
0.75966 



12*.672 
86.606 
57.511 



6.292 
6.702 
5.321 
1.606 
0.618 
2.12* 
0.105 
1.041 
1.041 
0,100 
0.076 



SUMMARY TABLE 
MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R 



PROCQHP* 

CATREAD 

MILHI 



0.61094 
0.66199 
0.69514 



0.37325 
-0.438*3 
0.48323 



0.37325 
0.06496 
0.04499 



0.610 9* 
0.555 37 
-0.32*91 
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Sample One ninth-grade students* 



Table 27 presents the results of a multiple regression analysis 



off the Sample One ninth^grade SPCT posttest scores. The regression 
equation contained four' predictor variables that collectively 
accounted for 61,57 percent of the variance. The F-value for the 
equation was 133.77 with 4 and 334 degrees of freedom, which was 
significant at p < 0.001. 

The results were similar to. those for the total Sample One 

- ^ 

analysis. The most important* predictor variable was mathematics 
achievement, which accounted for 47.55 percentV the variance. 
The other three variables, in decreasing order of importance, were 
SPCT pretest, Milwaukie High School, and sex. Only Milwaukie High 
School had a negative regression coefficient. The combination of 
mathematics achievement and SPCT pretest was a stronger">^edictor 
(55.83 percent of the variance) for ninth-grade students th$p for 
Sample One as a whole (47.37 percent of the variance). 

The removal of the leading predictor, mathematics Achievement , 
from the list of independent variables and repetition of the multiple 
regression analysis resulted in a regression equation that contained 
five predictor variables. Table 28 presents the results of the 
second multiple regression analysis. The fijre variables collectively 
accounted for 60. tb percent of the variance. The F-value for the 
equation was 100.01 with 5 and 333 degrees of freedom, which was 
significant at p < 0.001. ■ >. . * 



. * \ /" ^ *** * •»* ' - - ' * 

./ the motsY^PWtantV.pre^ctor va£iabl£\was ;£he SPCT pretest,,.., 
wh|ch accounted -.for 4,4 ; 66 perc^t of ^ the, .vaViarice f The other 
^ed^t^TkHratiables, itf deer ea^ng order '.of ^portancei were- 
reading achievement* Milwaukee High - School, language ^hievem&it, 
and sex. -This once again d^oitetfcated the high positive Icortelaftion 
between the SPCT prates*' and .mathetoatics achievement^ Perhaps thfe^ 

tpost interesting change*, 'however* tf$s the entry o£. reacting achieve;- 

r* ■ • ■ 4 ' ■ " ** * v *-« * ^ ' 

ment and language achievement 4nto the .eqttaf ioru ^ Tftfs letids support 
to the importance of academic achievement -itx> accounting for SPCT.. \ 
^posttest variance. Sex- remained in the second equation accounting .\ 

• • . *, • / : • »: '• • 

for about the same amount of Variance'. Ttyls indicates that the . 
sex variable was somewhat independent of academic achievement 
measures in accounting for posttest variance; The sex variable 
might have been reflecting -science background knowledge, since 
males at this age are frequently favored in terms of science 
achievement. As had been the case for the sample as a whole, 
Milwaukie High School remained in both equations with a negative 
regression coefficient and increasing strength as a predictor. 

For ninth-grade students in Sample One, the majority of the 
SPCT posttest variance wd6 accounted for by mathematics achievement 
and the SPCT pretest. None of the four different types of firsts- 
level* science that were experienced by ninth-grade students entered 
either of the regression equations. 



rSajajxXe Cfee NWth^rade Multiple Regression of 
\$ Vari^bl&s on.SPdT Posttest Scores 



MULTIPLE ft 0.76465 

ft SQUARE 0.6156ft 

ADJUSTED ft SQUARE 0.6U08 

STANDARD ERROR 2.46742 



, ANALYSIS OF VARIANCE OF 
REGRESSION 

ftESIOUAL 334. 



SUM OF SQUARES 
3310.63590 
2066.549 9* 



MEAN SQUARE 
027.65596 
6.14/26 



133.76793 



VARIABLE 

CATNATH 
PROCOMP 
MILMI 

SEX 

(CONSTANT) 



VARIABLES IN THE EQU ATI ON 

B BETA STD ERROR 6 



0.1943456 
0.3276256 
-1.670270 
1*103936 
-2.136266 



0.43212 
0.30012 
-0.2023% 
0.13765 



0.02060 
0.05055 
0.300,55 
0.27767 



66.973 
42.052 
30.685 
15.763 



f 






VARIABLE 


BETA IN 


PARTIAL TULEKAftCE 


F 


C A TREAD 
CATLANG 
AGE 

TYPESCU 
. TYPc*CI2 
. TYPESCI3 ' 
TYPESCI4 
CLACKHI 
PUTHI 


, 0.15621 
0.16006 

-0.07324 

-J. 01 J36 
0.05113 
0.0*0*42 * 

-U. 06 82 4 
0. QtOti 

-0. 6396o . 


0..167<4 0.430*1. 

0. IboGi O.^^tV 
-0.11>V9 0*9o3V* 
—0.01 ^04 O.o0o*o 

0.07*64 0.02351 
.0.05012 0.59uVo 
-0.0975o U.7o5o9 

Q.O5012. O.SVuVo 
-6.05 012 0.o13j.> 


9.600 
9.674 
4.542 
0.057 
1.676 
0.639 
3.2u0 
' 0.83> 
0.83* 




* 

SUMMARY TABLE 




VARIA5LE 


MULTIPLE 


R R SQUARE RSQ CHANGE 


SIMPLE R 


CATNATH 
PftOCOMP 
NIIHI 
SEX 


/ 0*66956 
. 0.74723 
0.77299 
' 0*76465 


0.47552 0.47552 
0.55635 0.Q6283 
0.59752 0.03917 
0.61568 ! 0.01616 


0.66958 
0.66830 
-0.45136 
. 0.16715 



£ * TABLE 28 

Sample One Nirtth-Grade Multiple Regression of 
♦12 Variables on SPCT Posttest Scores with 
Mathematics Achievement Removed 



MULTIPLE * 0.774 77 

* SQUARE 0.40027 

ADJUSTED * SQUARE 0.59427 

STANDARD ERROR 2.54062 



ANALYSIS OF VARIANCE OF 
REGRESSION, 5. 
RESIDUAL 333. 



SUM OF SQUARES 
3227.76079 
2149.4250* 



MEAN SQUARE 
645*55216 
6.4W3 



100.01227 



VARIABLE 

PRQCOMP 

CATREAD 

MILHI 

CATLANG 

SEX 

I CONST ANT I 



VARIABLES IN THE EQUATION — — — - 
~* BETA STO ERROR B 



0.3594964 
0.68500790-01 
-1.911680 
0.1154060 
1.05B196 
-2.493755 



0*32911 
0.1671* 
-0.23160. 
0.22560 
0.13214 



0.05122 
0.02704 
0.30466 
0.02620 
0^29269 



49.262 
10.714 
39.363 
16.751 
13.071 



VARIABLE 


VARIABLES 

BETA IN 


NOT IN THE EIUAT1UN 

PART 2AL TULcRANCE ' 


F 


AGE 


-0. 00 27 b 


-0.J9 ol3 


O.V37uo* 


3.096 


TYPESC11 


0.00o30 


O.u07t0 


u.olioo 


0.020 ■ 


TYPESCI2 


D.03V46 


0.05 t>al 




1.075 


TYPESC13 


0.022*1 


0.027*3 




0*246 


TYPESCI4 


•K). 05 962 . 


-0.0* 3t5 


0.7o51o 


£.33h 


CLACKH1 


0.022*1 


0.027^ 


. 0.5V*O3 


0*2*8 


PUTHI 


•0.02200 


—0. J2 735 


U.6l7u6 


0.2*6 






SUMMARY TABLE 


* 




VARIABLE 


, MULTIPLE 


R R SQUARE 


RSQ CHANGE 


SIMPLE R 



PROCOMP 

CATREAO 

MILHI 

CATLANG 

SEX 



0.6*830 
0.72363 
0.75655 
0.76458 
0i77477 



0.4466^ 
0.5239* 

0.67237 w 

0.58468 

0.60027 



0.44663 
0.07729 
0 .04tt*4 
0.01221 
0.01569 



0.66B30 

0.63579' 
-0.45138 
0.56477 
M. 187 15 
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Sample One tenth-grade students 

Table 29 presents the results of the muliiple regression 
analysis of Sample One t6nth-grade SPCTL scgyes. The regression * 
equation contained three predictor variables that collectively 
accounted for 40,42 percent of the variance. The' lvalue for the . 
equation was 73.58 with 3 and 325 degrees of freedom, which was 
significant at p< 0.001. 

The most important predictor variable was mathematics* 
achievement, which accounted fot 30.53 percent of the SPOT posttest 
variance. The other ^wo variables were SPCT pretest and reading " 
achievement, which accounted for 7.83 and 2.06 percent of the 
variance, respectively. 

The multiple regression analysis for Sample One tenth-grade 
students produced the # same pair of highest predictor variables as 
had been the case in earlier regressions on the sample as a whole 
and on ninth^gade students . The absence ol Milwaukie High School 
- > * * r (as an equation variable is readily explained by the fact that 

Milwaukie had no tenth-grade students in Sample One. 

kinimjary ^ . 

M The best pair of SPCT posttest predictor variables for the 

Qample^as^a whole and eafch of the grade levels included in it was 
math ema tics achievement and SPCT pretest. Mathematics achievement 
was a slightly more effective predictor than SPCT pretest. The 
simple correlation* and the.irftttiple regression analyses indicated 



* A 
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that* these two variables had a high positive correlation to each 
other as well as ta the SPOT posttest. 

The SPCT posttest variance appeared to be largely accounted 
for by measures of academic achievement, especially in the areas of 
mathematics and reading. This was particularly true at the ninth- 
grade le\$el, wTTere it was possible to account for more than 50 
percent of the variance with either the SPCT pretest and mathematics 
achievement or the' SPCT pretest and reading achievement* The 
regression results suggest that science process skill performance 
level is enhanced by the possession of high levels of mathematics 
and reading achievement. 

Sex appeared to be a somewhat important variable, operating most 
strongly at the ninth-grade level* This suggests that whatever sex 
was reflecting was not as important in the tenth-grade portion of 
Sample One* 

Milwaukie High School's consistent presence in the regression ' 
equations *When it was on the independent variables list and its 
constant negative regression coefficient indicate that .it had 
negative correlations with the more important independent variables 
and the SPCT posttest* These relationships axTe discussed lajter in 

this chapter in the section devoted to analysis of the SPCT fcosttest 

i 

variance by school. 
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TABLE< 29 

Sample One Tenth^Grade Multiple Regression of 
• 11 Variables 1 cm SPCT Posttest Scores 



MULTIPLE ft 0.63579 

ft SQUARE 0.40*23 

ADJUSTED ft SQUARE 0.39873 

STANDARD ERROR 2.66623 



ANALYSIS OF VARIANCE OF 
REGRESSION 3. 
RESIDUAL 325. 



SUM Of SQUARES 
1567.58790 
2310.35739 



MEAN SQUARE 
522.529*0 
7.10679 



73.50465 



VARIABLE 



VARIABLES IN THfc EQUATION — — — 
B BETA STD ERROR B 



CATHATH 0.1371162 0.30601 0.02455 

PRQCOMP 0.3077743 0*28006 0.05800 

CATREAD 0.8385970D-01 0.17669 0.02501 

(CONSTANT) -^.796927 . 



31.205 
28.154 
11.242 



VARIABLE 

CATLANG 

SEX ' 
AGE 

Tmscu 

TYPESCI^ 
TYPESCI4 
CLACKHI 
PUTMI 



VARIABLES NOT IN THE EQUATION — 
BETA IN PARTIAL TOLERANCE 



•0.02 65 • 
0.08517 

-0.03396 

-0.02875 
0.09242 

-0.02978 
0.02976 

-0.02910 



-0.02390 
0.10660 

-0.04373 

-0.03661 
0.11701 
"-0.03735 
0.03735 

-0.03660 



0.46168 
0.97226 
0.98606 
0.96627 
0.95491 
0.9371* 
0.93714 
0.94 Z36 



0.165 
3.661 
0.621 
0.435 
4.497 
0.453 
0.453 
0.434 



VARIABLE 

CATHATH 
PROCOMP 
CATREAD 



SUMMARY TABLE 
MULTIPLE K R SQUARE RSO CHANGE 



0.55256 
0.61937 
0.63579 



0.30532 
0.38362 
0.4Q423 



0.30532 
0.07630 
0.02061 



SIMPLE ft 

0.55256 
0.53109 
0.46357 
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School Differences in Academic Achievement \ 
The importance of academic achievement level, especially in the 
areas of mathematics and reading, to science. process skill knowledge 
became apparent as a result of the examination of correlation 
coefficients and the completion of the multiple regression analyses. 
It was therefore appropriate to identify any school differences in 
student achievement level; one-way analysis of variance (ANOVA) was 
the procedure used to test for differences,.' 

CAT reading i 

All possible pairings of the three schools were subjected to 
one-way ANOVA for CAT r.eading scores. The results are found in 
table 30: The ANOVA procedure indicated Statistically significant 
(P .033) differences. Rex Putnam students had significantly higher 
scores than students at both Clackamas and Milwaukie. »No 
significant (p <i.05) difference was fdund between" the scores of 
'Clackamas and Milwaukie students. v 

CAT language i 

All possible pairings of the three schools were subjected to 
'one-way . ANOVA for CAf language scores. The results are found in 
table 31. The ANOVA procedure revealed only one statistically 
significant (p»*017) difference; Rex Putnam students had 
significantly higher scores than Milwaukie. students * 1 . 
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CAT mathematics 

All possible pairings of the three schools were subjected to 

i 

one-way ANOVA for CAT mathematics scores* The results are found 
in table 32. The ANOVA procedure indicated that Rex "Putnam students 
had significantly (p< .001) higher scores than Clackamas and 
Milwaukie students. 

0 

Summary 

Rex Putnam Jtigh JJchool students were found to have had signifi- 
cantly (p <.033) higher CAT mathematics and reading scores than 
their counterparts at Clackamas and Milwaukie High Schools. In the 
CAT language scores, Rex Putnam students were found to have had 
significantly (p«.017) higher scores than students at Milwaukie. 
The reader is reminded that the CAT scores used for analysis were 
eighth-grade scores. 



TABLE 30 

Total Sample One Analysis of Variance of 
Student CAT Reading Scores by School 



CLACKAHA$ VS MILWAUKIE 



SUN OF 

SOURCE OF VARIATION SQUARES 


DF 


me v An 

SQUARE 


F 


SIGNIF 
OF F 


MAIN EFFECTS 

ID , 


64.627 
64.627 


1 
1 


64.627 
64.627 


1.1)10 
1.010 


0.315 
0.315 


EXPLAINED 


64.629 


1 


64.629 


1.010 


0.315 


RESIDUAL 


28334.387 


443 


63.960 






TOTAL 

MJLWAUKIE VS 


. 28399.016 
PUTNAM 


444 


^68*962 
*> 






SUM OF 

SOURCE OF VARIATION SQUARES 


MEAN 
DF SQUARE 


F 


SIGNIF 
OF F 


MAIN. EFFECTS 
ID 


563.651 
563.651 


1 
1 


563-651 
563.651 


8.487 
'8.487 


0.004 
0*004 


EXPLAINED 


563.652 


1 


563.652 


8.487 


0.004 


RESIDUAL 


28391.148 ,435 


66.416 




f 


TOTAL 


* 29454. 8C1" 1 436 


67i 557 






CLACKAMAS VS 


-PUTNAM 










*• 

*• * SUM CF 
SOURCE OF VARIATION SQUARES 


DF 


MEAN 
SQUARE 


F . 


SIGNIF 
OF F 


MAIN EFFECTS 
ID 


258.421 
. < '258.421 


1 
1 


258.421 
258.421 


4.554 
4.554 


0.033 
0.033 


EXPLAINED 


258.422 


1 


258i 422 


4.554 


0.033 


RESIDUAL 


. 25650.328 452 


56.749 






TOTAL 


25908.750 


453 


57.194 







TABLE 31 • 

Total Sample One Analysis of Variance of 
Student CAT Language Scores by School 



CLACKAMAS VS MILWAUKEE 



SOURCE OF VARIATION 

MAIN EFFECTS 
ID 

EXPLAINED 

RESIDUAL 

TOTAL 



SUM OF 




MEAN 






SIGNIF 


SQUARES 


DF 


SQUARE 




F 


OF F 


64.688 


1 


64.688 


1. 


122 


0.290 


64.688 


1 


64.688 


1. 


122 


0.290 


64.691 


1 


64.691 


1. 


122 


0.290 


25552.254 


443 


57.680 








25616.945 


444 


57.696 









M 1 L W AUK IE VS PUTNAM 



SUM OF 

SOURCE OF VARIATION SQUARES 


DF 


MEAN 
SQUARE 


F 


SIGNIF 
OF F 


MAIN EFFECTS 33.4.560 
ID 334*560 


'.' 1 
1 • 


334.560 
334.560 


$.690 
5.690 


0.017 
0.017 


EXPLAINED 334.563 


I 


334.5*3 


5.690 


0.017 


RESIDUAL .25577.754 


435 


58.799 






TOTAL 25912.316 


436 


59.432 






CLACKAKAS VS PUTNAM 










SUM OF 

SOURCE .OF VARIATION SQUARES 


ft 

OF 


MEAN 
SQUARE 


F 


SIGNIF 
OF F 


MAIN EFFECTS 110.585 
ID 110.585 

f 

EXPLAINED 110.586 


1 
1 


110.585 
110.585 


2.282 
2.282 


0.132 
0.132 


1 


110.586 


2.282' 


0.132 


RESIDUAL 21903.055 


452 


.48.458 






TOTAL 22013.641 


453 


48.595 




• 
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. • TABLE 32 

Total Sample One Analysis of Variance of 
Student CAT Mathematics Scores by School 



CLACKAMAS VS MILWAUKIE 

SUM OF , MEAN SIGN IF 

SOURCE OF VARIATION SQUARES ' OF SQUARE F OF F 

MAIN EFFECTS 83.035 1 83.035 1.252 0.264 

ID • 83.035 1 83.035, 1.252 0.264 

EXPLAINED 83.035 1 83.035 1.252 0.264 

RESIDUAL 29379.609 443 66.320 

TOTAL 29462.645 444 66.357 

MI LWAUKIE VS PUTNAM 

SUM CF MEAN SIGNIF 

SOURCE OF VARIATION SQUARES OF ^ SQUARE F OF F 

MAIN EFFECTS . 1717.528 I 1717.528 24.090 0.000 

I0 1717.528 I 1717.528 24.090. 0.000 



EXPLAINED 1717.531 1 1717.531 24.090 j 0.000 

RESIDUAL 31013.629 435 71.296 

TOTAL « 32731.160 436 75.071 

CLACKAMAS VS PUTNAM 

v 

SUM OF ; MEAN SIGNIF 

SOURCE OF VARIATION SQUARES DF SQUARE F OF F 

MAIN EFFECTS ' 1091.280 1 1091.280 17.649 0.000 

ID jA91«280 I 1091.280 17.649 0.000 

EXPLAINED 1091.281 1 1091.281 17.649 0.000 

RESIDUAL 27948.711 i452 61.833 

\ TOTAL 29039*992 453 64.106 
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Regression Analysis of SPCT Posttest - • 

Variance by School 

Similarities and differences in the y'ays in which SPCT posttest 

? 

variance were accounted for within individual schools were assessed 
by means of multiple regression analysis. The list of independent 
variables entered into the regression was the same as for earlier 
regressions of the total Sample One student SPCT pdstfest scores, . 



being modified only to the extent that itj be rendered appropriate , 
for each participating school. The regression equations selected 
for presentation and discussion were the lones that included a^l 
independent variables accounting for approximately two percent or 
more of the variance. 

♦ 

o 

Clackamas High School 

Table 33 presents the results of the multiple regression 1 
analysis of Sample One Clackamas High School student SPCT ppsttest 
scores. The regression equation contained two predictor variables 
that together accounted for 48.12 fl^rcent of the variance. , The 
F-valuQ for the equation was 105.74 with 2 and 228\degrees of 
freedom, which was significant, at p < 0.001. 

The most important predictor variable was mathematics 
achievement, which accounted for 42,12 percent of ( the variance; the 
SPCT pretest accounted for 6.00 percent of the variance. , 

Removal of the SPCT pretest from the list of independent 
variables and repetition of the multiple regression procedure 
resulted in an equation containing three predictor variables that 



collectively accounted for 46.32 percent of the variance. The 



results of the seco 



^d"j|gr« 



gression analysis of the Sample One 



Clackamas High Schbpl student SPCT posttest scores are found in 

>r the equation was 65.29 with 3 and 227 
deirefes/fof freedom,, wfiich was 'Significant at p'<0.001. 



[/Mathematics ^chijevement remained the primary predictor 

, 1 ; i ' 7 

variable, Recounting I for 42.12 percent of the variance. The other 

' two fvariabltes wete reading achievement and sex, accounting for 

I 11 - i I I 

|.7jV and 1.43 pdrcerit of the variance, respectively* Males had 
, Significantly higher SPCT scores than females. 
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TABLE 33 

Sample One Clackamas Higfi School Multiple Regression of 
Ten Variables on Student SPCT Posttest ScorcSs 



MULTIPLE R 0.69370 

ft SQUARE 0.46122 

'ADJUSTEQ R SQUARE 0.47666 

STANDARD ERROR 2.51700 



ANALYSIS Of VARIANCE OF 
.REGRESSION 2, 
RESI0UAL 2 2ft« 



SUM OF SQUARES 
1339.04602 
1444.44835 



MEAN SQUARE 
669.91301 
6.39*30 



105.74448 



.VARIABLE 



VARIABLES IN THE EQUATION 

6 BETA STD ERROR 



CATHA7H 0.2159307 
PRQCOMP 0.32*9717 
(CONSTANT) -2.573810 



0.46940 
0.30377 



0.0275 
0.0632 



62.993 
26.361 



VARIABLES NOT IN THE* EQUATlOty 

VARIABLE BETA IN 



CA TREAD 0.14686 

CATLANG 0.06244 

SEX 0.0B556 

AGE * -0*01367 

TYPESCIl -0.06608 

TYPE$CI3 , T 0.06608 

GRADE 9 0.01363 

GRADE 10 -0.01363 



PART 1AL 


TOLERANCE 


F 


0.14490 


0.50506 


4.669 


0.06124 


0.49V01 


0.654 


0.11765 


0.9607b 


3.166 


-0.01*36 


0.9362* 


0.077 


-0.1 I B72 


0.96O66 


3.245 


a. 11 872 


0.98666 


3*245 


0.01 619 


0.9229* 


0.075 


-0.01 619 


0.92293 


0.075 



) 



VARIABLE 

CATMATH 
PROCOMP 




SUMMARY TABLE 
\ R SQUARE RSQ CHANGE SIMPLE R 



0.64899 
0.69370 



0.42119 
0.46122 



0.42119 
0.06003 



0.64899 
0.56128 



9 

ERIC 



ICl 



4 
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TABLE 34 

Sample One Clackamas High School Multiple Regression of 
Nine Variables on Student SPCT Posttest Scores 
with Pretest Removed 

J 

MULTIPLE R 0*66059 
ft SQUARE 0.46320 
ADJUSTED ft SQUARE 0.45611 
STANDARD ERROR 2.56597 



ANALYSIS OF VARIANCE DF 
REGRESSION 3. 
RESIDUAL 227. 



SUM OF SQUARES 
1289.63595 
.1494.60842 



MEAN SQUARE 
429.89532 
6.58418 



65*29218 



VARIABLE 



VARIABLES IN THE EQUATION 

B BETA ST0 ERROR B 



CATMATH 0.2306413 

CATREAD 0.1096567 

SEX 0.8352231 

(CONSTANT) -6.407761 



0.50138 
0.23278 
0.12026 



0.03033 
0.03108 
0.33915 



57.819 
12.448 
6.0'65 



VARIABLE 

CATLANG , 
AGE 

TYPESCIl 
TYPESCI3 
GRADE9 
GRADE10 



VARIABLES NOT IN THE EQUATION — 
BETA IN PARTIAL TOLERANCE 



0.08634 
-0.00276 
-0.04146 

0.04146 
-0.03055 

0*03055 



0.07439 
-0.00365 
-0.05599 

0^05599 
-0.03980 

0.03980 



0.39852 
0.93386 
0.97905 

0.97905 
0.91104 
0.91104 



1.258 
0.003 
0.711 

0.711 
0.359 
0.359 



VARIABLE 

CATMATH 
CATREAD 
SEX 



SUKHARY TABLE 
MULTIPLE R R SQUARE RSQ CHANGE 



0.64899 
0.66997 
0.68059 



0.42119 
0.448£6 
0.46320 



0.42119 
0.02767 
0*01434 



SIMPLE R 

0.64899 
0.56081 
0.06036 



Rir 
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Milvaukie High School . ' 

Table 35 presents the results of the multiple regression 
analysis of Sample One Milwaukie ^igh School student SPCT posttest 
scores. The regression equation contained four predictor variables 
that collectively accounted for 56.79 percent of the variance. 
The F*-value for the equation was 68% 67 with 4 and 209 degrees of 
freedom, wliich was significant at p < 0,001. 

The most important predictor Variable was mathematics achieve- 
ment, which accounted for 42.95 percent of the variance.* The other 
predictor variables, in decreasing order of importance, were SPCT 
pretest, language achievement, and sex. , Males had^eignif icantly 
higher SPCT scores than females. The reader is reminded t^ft all 

Milwaukie High School students in Sample One are ninth-grade 

*r > 

students* 

Removal of the SPCT pretest frort the list of independent 
variables and repetition of the multiple regression procedure 
produced a new set of four Variables that collectively accounted 
for 51.95 percent of the variance. The results of this second 
regression analysis of Sample One Milwaukie High School student SPCT 
posttest scores are foutld in table 36. The F^value for* the 
equation was 56.49 with 4 and 209 degrees of freedom, which was 
significant, at p < 0.001. 

Mathematics achievement remained the most important predictor ( t 
variable, accounting for 42*95 percent of the variance. The ottyer \ 
three predictor variables, in decreasing order of importance! w f ere , 



1S3 



reading achievement* sex, and Integrated Science, The entry of 
Integrated Science into the equation wad meaningful, even though 
it accounted for only 1.65 percent of the variance. This was the 
first instance in the analysis of Sample One data where any type 
of science entered a* regression equation. Integrated Science 
had a negative regression coefficient, and its entry into the 
equation with removal of the SPCT pretest was a reflection of the 
very low pretest and posttest scores of the Integrated Science 

1 

students at Milwaukie High School. 
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TABLE 35 

Sample One Milwaukie High School Multiple Regression of 
Nine Variables on Student SfCT Posttest Scores . 



MULTIPLE R 

R SQUARE 0.56790 

A&JUSTEO R SQUARE 0.55963 

STANDARD ERROR 2.43912 



ANALYSIS OF VARIANCE OF 
REGRESSION *• 
RESIOUAL 2 0 9 * 



SUM OF SQUARES 
163*. 19060 
1243.40286 



MEAN SQUARE 
408.54765 
5.94930 



66.67160 



VARIABLE ' 

CAT MATH 
PROCCMP 
CATLANG 
SEX 

t CONSTANT) 



VARIABLES^IN THE EQUATION 

B . BETA STD ERROR B 



0.102349,* 
0.3406529 
0.1249161 
1.102224 
-5.493414 



0.24301 
0.32179 
0.28150 
0.15019, 



0.03250 
0.06344 
0.03196 
0.34202 



9.920 
281835 
-15.279 
10.386 



VARIABLE 

C A TREAD 
AGE 

TYPESCI1 
TYPESCI2 
TYPESCJ4 



.^ VARIABLES NOT IN THE EQUATION — 
% BETA IN * PARTIAL TOLERANCE 



0.09882 
-0.09 eo3 
-0.02151 

0.07102 
-0.07*388 ' 



0.06630 
-0.14369 
-0*03141 

0.1Q434 
*0. 11043 



0.32957 
0.92823 
0.92112 
0.93260 
' 0*9*556* 



1.561 
4.385 
0.205 
2.289 
2.568 



VARIABLE 

'*\ CATfjATVl 
A 01OCCMP 
CATLANG 
5EX 



SUHMARY TABLE 
' MULTIPLE ft R SQUARE RSQ CHANGE 



♦0.65538 
0.72119 
0.73921 
0.75359 



0v4fM3 

0.520L2 
0.54643 
0.56790 



0.42953 
0.09059 
0.02631 
0.02147 



SIMPLE R 

0.65538 
0.64465 
0.63009 
0.15814 



/ 



*1C5 * 



* * * 
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TABLE 36 

Sample One Milwaukie High School Multiple Regression of ' 
Eight Variables on Student SPCT Fosttesf Scores 
with Pretest Removed i 



MULTIPLE R 

R SQUARE 0.51950 

ADJUSTED R SQUARE 0*51031 

STANDARD ERROR 2.57210 



ANALYSIS OF VARIANCE 

REGRESSION 

RESIDUAL 



DF SUM OF SQUARES 
4. 1494.91477 
209/ 1382.67869 



MEAN SQUARE 
373.72869 
6.61569 



56.49129 



VARIABLES IN THE EQUATION 



VARIABLE 

CATMATH 
CATREAD 

^YPESCI4 
(CONSTANT) 



8 

0.1831443 
0.1314650 
1.213294 
-1.637169 
-7.2^9366 



8ETA 

0.43485 
C.3C793 
0.16532 
-0.12995 



SID ERRCR 8 

0.02937 
0.02983 
0.35770 
0.61053 



38.894 
19.425 
11.505 
7.191 



VARIABLE 

CATLANG 
AGE 

TYPESCI1 
TYPESCI2 



VARIABLES NOT IN THE EQUATION 



BETA IN 

0.21645. 
-0.10455 
-0.08154 

0.07664 



PARTIAL TOLERANCE 



0.16893 
-0.14717 
-0.10417 

0.10417 



0.29265 
0.95211 
0.78413 
0.88777 



6.110 
4.605 
2.282 
2*282 



VARIABLE 

CATMATH " 
CATREAD 

SEX . 
TYPESCI4 



SUMMARY TA8LE 
MULTIPLE R R SQUARE RSQ CHANGE 



0-65538 
0.69312 
0.70920 
0.72076 



0.42953 
0.48542 
0*50297 
0.51950 



0.42953 
0.05089 
0.02255 
0.01653 



SIMPLE R 

0.65538 
0,62774 
0.15814 
-0*11591 
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Rex Putnam High School 

Table 37 presents the results of the multiple regression 

analysis of Sample One Rex Putnam High School student SPCT posttest - 

n 

scores. The regression equation contained four predictor variables 
that tollectively accounted for $0*46 percent of the variance* T{je 
F-value for the equation was 37.04 with 4 and 218 degrees of freedom 
which was significant at p < 0.001. 

The most important predictor variable was mathematics achieve- 
ment, which accounted for 29.59 percent of the variance. The other 
predictor. variables, in decreasing order of importance, were SPCT 
pretest, reading achievement, and. sex. Males had significantly 
higher scores than females. 

Removal of the SPCT pretest from Ithe list of independent 
variables and repetition of the multiple regression procedure 
tesulted in no new variables entering Jthe equation. Table 38 
contains the results of this second regression analysis of the 
Sample Ong Rex Putnam High School student SPCT posttest scores. 
The F-value for the equation was 42.34 with 3 and 219 degrees of # 
freedom, which was significant at p < 0.001. 

The three remaining variables collectively accounted for 36.7! 
percent of the variance* Mathematics achievement remained the most 
important predictor variable, accounting for 29*59 percent of the 
. variance; the other two variables were reading, achievement and sex. 
Males had significantly higher scores. than females. t 

t 

« 
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For each school, a regression equation was included that had the* 
SPCT prfetest removed as' a predictor variable. There are two 

r 

benefits derived from this procedure. First, it provides equations 
able to be used in the three high schools without the requirement of 
a SPCT pretest score. In addition, the removal of the SPCT pretest 
provides an analysis of the contribution of variables other than 
prior knowledge of the science process skills to explaining the w 
variance in SPCT posttest scores* 

The schools demonstrated great similarity in variables 
entered intb the regression equations. In each school*, the first 
two predictor variables we^e the same. Mathematics achievement was 
the strongest predictor, accounting for from 29.59 to 42,95 percent 
of the variance. SPCT pretest was the next most important predictor 

variable, accounting for an additional 6*00 to 9.06 percent of the % 

j 

variance. . » , . - 

Sex was a variable that entered into two of the three school 
equations. It accounted for 2.15 percent of the variance at u 
Milwaukie High School and 1.58 percent of the variance at Rex Putnam 
High School. Males scored significantly higher than females. 

- 'oth£T variables that entered at least one of the school 
equations Vere language achievement and reading achievement. 
Language achievement accounted for 2.63 percent of the variance at 
Milvaukie High School and reading achievement accounted for 2,00 
percent of the variance at Rex, Putnam ^igh School. 
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The most noticeable difference between the schools was the 
considerably larger amount of variance able to have been accounted 
for at Milwaukie High School* The Milwaukie regression equation 
accounted. for 16*33 percent more variance than the Rex Putnam 
equation, and 8*67 percent more variance than the Clackamas equation* 

As was the case with all of the other regression equations in 
the analysis of Sample One data, grade level did not emerge as an 
important predictor variable. The only type of science to be 
included in any equation Cfche second Milwaukie High School equation) 
was Integrated Science. Integrated Science* had a negative regression 
coefficient and< accounted for only 1,65 percent of the variance. # 
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' TABLE 37 

Sample One Rex Putnam High School Multiple Regression of 
Eight Variables on Student SPCT Posttest Scores 



MULTIPLE R • 0.63611 

ft SQUARE 0.40463 

ADJUSTED R SQUARE 0.39371 

STANDARD ERRGR 2.71165 



ANAL^ 



REGRESSION 
RESIDUAL 



OF VARIANCE 



DF SUM OF SQUARES 
4. 1089.42859 
21B. 1402.46603 



MEAN SQUARE 
272.35715 
7.35306 



37*04000 



VARI ABLE 

tATMATH 
PftdCCMP 

catread 

SEX 

1 CONSTANT) 



VARIABLES IN THE EQUATION 

B BETA STD ERRCR 6 



0.1325095 

0.2652925 

0. 81561940-01 

0.8783177 

-2.494337 



0.31059 
0.24939 
0.17994 
0.12633 



0.02867 
0.07157 
0.02964 
0.36568 



21.356 
13.740 
7.572 
5.769 



VARIABLE 

CATLANG 
AGE 

GRADE9 
GRAPE10 



VARIABILES NOT I-N THE EQUATION — 
BETA IN PARTIAL TOLERANCE 



-0.06203 
-0.04093 
r'O. 00906, 
0.00906 



-0.05565 
-0.05060 
-0.01083 
0.01083 



0.47917 
0.91014 
0.85095 
0.85095 



0.674 
0.557 
0.025 
0.025 



VARIABLE 

CATMATH 
PROCOMP 
CATREAD 
SEX 



SUMMARY TABLE 

r 

MULTIPLE R R SQUARE RSQ CHANGE 



0.54393 
0.60732* 
0.62360 
0.63611 



0.29586 
0.36884 
0.33886 
0.40463 



0.29586 
0.07298 
0.02003 
0.01576. 



^SIMPLE R 

0.54393 
0.52904 
0.47802 
0.14045 



■Jl70 
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TABLE 38 

Sample One Rex Putnam High School Multiple Regression of 
Seven Variables on -Student SPCT Posttest Scores 
with Pretest Removed 



MULTIPLE R 0.60589 

ft SQUARE 0.36711 

ADJUSTED R SQUARE 0.35844 

STANDARD ERROR 2.78941 



ANALYSIS CF VARIANCE 

REGRESSION 

RESIDUAL 



VARIABLE 



OF SUM OF SQUARES 
3. 988.39408 
219. 1704.00054 



MEAN SQUARE 
329.46469 
7.78082* 



VARIABLES IN THE EQUATION 

8 BETA STD ERROR B 



Si 



42.34316 



CATMATH 0.1743684 

CATREAD 0.1176476 

SEX 1.026359 

(CONSTANT) -4.235522 



0.40870 
0.25955 
0.14762 



0.02711 
0.02880 
0.37392 



41.362 
16.688 
7.534 



VARIABLE 

CATLANG 
AGE 

GRADE9 
GRADE 10 



VARIABLE 

CAT* AT H 
CATREAD 
SEX 



VARIABLES NOT IN THE EQUATION — 
BETA IN PARTIAL TOLERANCE 



•0.00433 
-0.Q5433 
0.00295 
-0.00295 



-0.00384 
-0.06530 
0.00342 
•0.00342 



0.49942 
0.91426 
0.85374 
0.85374 



0.54393 
0.58765 
Q.605J39 



0.29586 
0.34533 
0.36711 



0.29586 
0.04947 
0.02177 




SUMMARY TA8LE 
MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R 



0.54393 
0.47802 
0.14045 



9 
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• * 

School and Grade Level SPCT Posttest 

Differences ~ 

An analysis of covariance (ANCOVA) technique was used in order 

to assess any school or grade level SPCT posttest differences that 

existed after adjusting for important variables. 

School di fferences 

Table 39 presents the ANCOVA results for school differences* 
The ANCOVA was conducted on Sample One SPCT posttest scores by school 
with mathematics achievement, SPCT pretest, reading achievement, sex;, 
and age as covariates. The ANCOVA indicated one or more significant 
(p < .OOlRschool differences. 

In orfler to determine between which schools the significant 
differences existed, the ANCOVA procedure was performed between all 
possible pairings of schools. The results of these ANCOVA 
procedures are presented in tables 40 through 42. The ANCOVA 
comparisons indicatfedNo significant difference (p < .05) between 
Clackamas and Rex Putnam High School adjusted student SPCT posttes,t 
means,. .Both Clackamas and Rex Putnam students had significantly 
(p< .001) higher adjusted SPCT posttest means than Milwaukie High 
School students. 

Grade* level differences m 

Table 43 presents the ANCQVA results for .the comparison of 
Sampie One ninth-grade and tenth-grade SPCT posttest scores. The 
ANCOVA' was conducted on the SPCT posttest scores by grade level with 
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mathematics achievement, SPCT pretest, reading achievement, sex, 

and age as covariates. The ANCOVA indicated a significant (p < .001) 

difference; tenth-grade students had significaritly higher scores. 
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TABLE 39 



Sample One Analysis of Covariance of Sttadent SPCT Posttest Scores 
J by School with Mathematics Achievement, SPCT Pretest, 

x Reading Achievement, Sex, and Age as Covariates j 



As 



er|c 



COVARIATES 
PRQCOMP 
GATMATH 
CATREAD 
AGE 

SEX * 

1 

HAfcN EFFECTS 
ID . 

EXPLAINED 

RE SI DUAL 

« 

TOTAL 



SUM OF 



4719. 887 
495, 049 
52 8.574 
148.795 
59.433 
85.792 

372. 883 
372. 883 

5092.770 













MEAN 




•SIGNIF 




SQUARE 


F 

* • 


OF F 


5 


943.977 


145.670 


0.000 


1 


495.049 


76.394 


0.000 


I 


528.574 


81.567 


0.000 


1 


148.795 


22.961 


0.000 


1 


i 59.433 


9.171 


0.003 


1 


85.792 

1 


13.239 


0.000 




186.441 


28.771 


0.000 


■ l| 


136.441 


28.771 


0.000 


■7 


727.538 


112.270 


0.000 


660 


6.480 






667 


14.048 







\ 



g|rAND MEAN = 11.66 

ARI ABLE + CATEGORY 
D 

1 CLACKAMAS 

2 MILWAUKIE 

3 PUTNAM 



MULTIPLE R SQUARED 
MULTIPLE R 



M 



231 
214 
223 



UNADJUSTED 
DEV ,; N ETA 



0.66 
-1.78 
1.02 



ADJUSTED FOR 
INDEPENDENTS 
+ COVARIATES 
DEV'N BETA 



0.74 
-1.33 
0.51 



0.33 



0.24 

0.544 
0.737 



171, . 
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TABLE AO 

Sample One Glackamas High School and Milwaukie High School 
Analysis of 'Covariance of Student SPCT Posttest Scores 
by School with Mathematics Achievement, SPCT Pretest, 
Reading Achievement, Sex**, and Age as Covariates 





SUM OF 




- MEAN 




SIGNIF 


SOURCE OF VARIATION 


SQUARES 


DF 


SQUARE 


F 


OF F > 


COVARIATES 


3360*5 99 


5 


672.120 


110.529 


0.000 


PROCOMP 


378.951 


1 


378.951 


62.316 


0.000 


CAT MATH 


311.131 




311.131 


51.165 


0.000 


CAT RE AD 


65.039 




85.039 


13.985 


0.000 


AGE 


56.215 


1 


56.215 


9.245 


0.003 


• SEX 


50.299 


1 


50.299 


8.272 


0.004 


HA IN EFFECTS 


^302.424 


1 


302.424 


49.733 


0.000 


ID 


302.424 


1 


302.424 


49.733 


0.000 


EXPLAINED 


3663.022 


6 


610.504 


100.396 


0.000 


RESIDUAL 


2663.450 


438 


6.081 






TOTAL 


6326*473 


444 


14.249 







GRAND MEAN * 11.14 

VARIABLE '♦. CATEGORY 
ID 

1 CLACKAMAS 

2 MILWAUKIE 



MULTIPLE R SQUARED 
MULTIPLE R 



N 



231 
214 



UNADJUSTED 
DEV*N ETA 



I 



! 1.18 
-1.27 



0.32 



ADJUSTED FOR 
INDEPENDENTS 
♦ COVARIATES 
DEV'N BETA 



1.00, 
-vl .08 



0.28 

0.579 
0.761 



ERJC 
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TABLE k\ , 

Sample One Milwaukie High School and Rex Putnam' High School 
Analysis pf Covariance of- Student SPCT Posttest Scores 
by School with Mathematics Achievement, SPCT Pretest,* 
Reading Achievement, Sex, and Age as Covariat^s 





SUM OF 




MEAN 




SIGNIF 


SOURCE OF VARIATION 


SQUARES 


OF 


SQUARE 


F 


OF F 


COVARIATES 


* 

3306.412 


5 


661. 2 b2 


99*302 


0.000 


PROCOMP 


314.208 


1 


314.208 


47.163 


0.000 


CATMATH 


357.464 


V 

1 


357.464 


53.679 


0.000 


CATREAO 


112.383 


1 


112.383 


16.876 


o.boo 


AGE 


35.661 


1 


35.681 


5.358 


0.021 


SEX 


65.063 


1 


65.063 


9.770 


0.002 


MAIN EFFECTS 


260.619 


1 


260.619 


39.136 


0.000 


10 


260.619 


1 


260.619 . 


39.136 


0.000 


EXPLAINED 


3567.031 


6 


594.505 


89.274 


0.000 


RESIDUAL 


2863.515 


430 


6.659 






TOTAL 

• 


6430.547 


436 


14.749 






GRAND MEAN * 11.31 


* 


V 


ADJUSTED FOR 










INDEPENDENTS 






UNADJUSTED 


♦ COVARIATES 


VARIABLE ♦ CATEGORY 


N 


DEV'N ETA 


DEV»N 


SET A 


ID 








V 




2 MILWAUKIE 


214 




1.43 


-1.02 




3 PUTNAM 


223 




1.37 


0.98 




* • 






0.37 




0.26 



MULTIPLE R SQUARED ' , 0.555 

MULTIPLE R 1 0.745 

9 * 
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TABLE 42 

Sample One Clackamas High School and Rex Putnam High School 
Analysis of Covariance of Student SPCT Posttest Scores 
by School with Mathematics Achievement? SPCT Pretest, 
Reading Achievement, Sex, and Age as Covariates 





SUM QF*> 


MEAN 




SIGNIF 


SOURCE OF VARIATION 


SQUARES 


DF 


SQUARE 


,F 


OF F 

* 


COVARIATES 


2476.110 


5 


495.222 


73.585 


0.000 


PROCONP 


217.194 


1 


217.194 * 


32.273 


0.000 


CATMATH 


345375 


1 


345.375 


51.319 


0.000 


CATREAO 


95 ■> no 


■ 1 


95.209 


14.147 


0.000 


AGE 




X 


2.983 


0.443 


0.506 


SEX 




1 


64.553 


9.592 


0.002 


MAIN EFFECTS 


, 6*803 


1 


6.803 


1.011 


0.315 


ID 

t 

EXPLAINED 


6*804 


1 


„ 6.804 


1.011 


0.315 


fc*t 04 *7 A J 


6 


413.819 


61.489 


0.000 


RESIDUAL 


3008.299 


447 


6.730 






TOTAL * 


5491.211 


453 


12.122 


1 




✓ 

GRAND MEAN^ « 12. 


50 






l 

ADJUSTED FOR 


* * 








INDEP 


ENDENTS 






UNADJUSTED 


♦ COV 


ARIAIE'S 


VARIABLE ♦ CATEGORY 


N 




D£V*N ETA 


DEV*N 


BETA 


ID 








0.12 


• 


I CLACKAMAS 


231 




-0.18 




' 3 PUTNAM 


223 




0.18 


-0.13 










0.05 




0.04 



MULTIPLE R SQUARED 0.452 
MULTIPLE R I 0.672 
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TABLE A3 

Sample One Analysis of Covariance of Student SPCT Posttest Scores 
T by Grade Level with Mathematics Achievement, J5PCT Pretest, 
Reading Achievement, Sex, and Age as Coyariates 



SOURCE OF VARIATION 


f SUM OF 
♦ SQUARES 


DF ■ 


MEAN 
SQUARE 


F 


SIGNIF 
Op r 


COVARIATFS 
PRDCOMP 
CATMATH 
CATREAO 
AGE 
SEX 


4719.837 - 
495.049 
528.574 
143.795 
59.433 
85.792. 

* * 


5 
"1 
I 
1 
1 
I 


943.977 
495.049 
528.574- 
148.795 
59.433 
85.792 


139.508 
73.162 
78.117 
21.990 
8.783 

. 12.679 


• 0.000 

• 0.000 
0.000 
0.000 
0.003 
0.000 


MAIN EF C FCTS 
YEAR 


177.215 
177.216 


I 

I- 


177.215 
177.216 


26.190 
26. 190 


0.000 
0.000. 


EXPLAINED 


4897.102 


6 


816.184 120.622 


*' 0.000 


RESIDUAL - , 


4472.625 


66lT 


6.766- 






TOTAL • 


9369.727 


667 


14.043 







•ft « 



GRAND- MEAN •'= 11.66 

VARIABLE ♦ CATEGORY- ', N 
YEAR 



1 GRADE 9 

2 GRADE 10 



MULTIPLE R SQUARED 
MULTIPLE R 



339 
329 



) . ADJUSTED FOR 
. INDEPENDENTS 
UNADJUSTED, ♦ COVARIATES 
0EV*N." ETA DEV* N BETA 



■0.41 
0.42 



-0.83 
0.85 



0.11 



0.22 

6.523 
0.,723 
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First-Level Science Instruction 
a Teacher Questionnaire Results 



Teachers of first-level science courses in each building 
respoiide^lM) Teacher Questionnaire II (a copy is found in appendix 
C) near the end of the 1981-82 school year. The information 
provided by the* teachers was concerned with the process skill 

.component of .instruction and their Own training in the peaching of 

• \ > . * 

the science process skills." * 

Clackamas High School ' 

* 

The teacher 'estimates of the percentage'of total instructional * 

tiiie devoted to the scietace process Skills identified v in the district 
0 

. • • • * 

^minimum graduation competencies #ere 20 percent and 60 percent in the 
area of physical science and 35 percent and 95 percent in the aria of 

.biology. 'All teachers indicated nd change" over prior years in 

either the amount of time or emphasis devoted* to the science process 

skills. 1 

Two teachers, one biology* and* one physical science, indicated 

having completed one or more classes more than" five years agCK that 

r ** 

% 

were deyoted in t^ieir entirety or had a major component devoted to 
the science prbc^ss skills. * 

Milwaukie High School _ ' . 4 

The teacher -estimates df the percentage of#-*otal instructional 1 
time devoted to the science process Skills identified in the district 1 
miriittum graduation competencies wefe 20 percent (biology), 30 percent 

••*V - - ' ; » * ( 

(biology), 20^percent. (earth and space sfciehce), and -100 percent 



* 1 
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(integrated science)* All teachers indicated no changes over prior 
years in the amount of time or emphasis devoted to the science 
process skills, ^ne teacher responded even though it was the first 
year of teaching for that person. 

The Milwaukie High School teachers indicated that none of them 
ha4 experienced any inservice activities, classes, or workshop? that 
were devoted entirely or had a major component devoted to the science 
process skills. 

Rex Putnam H:.gh School 
^ The teacher estimates of the percentage of total unified science 

instructional time devoted to the science process skills identified 
in the district's minimum graduation competencies were 75 percent, 
80 j Bfcgtt t* 8Q percent, and 95 percent. One teacher was teaching 
unif ieo^^ence for the first time and therefore did not respond 

to the item asking about changes 'in emphasis or time devoted to 

• „• « * 

the science process skills. One teacher indicated that he had 

increase^ £oth time and emphasis devoted to the science process skills 

'dusifig the 1981-82 schoo^ year, .while the two remaining teachers 

4 s • ■» 

indicated* no changes over $t1qt .years . 1 . ' * . 

* • / v ; : - : , " 

One teacher, the firs£-y£ar instructor, reported no inservice, 

classes, or workshops Concerned with the science, process 'skills? 

• * ■ * 

However, «3 ince th^re is n9 Teacher Gui&e itiz the'Rex Putnaifi Unified 

: • ; ■ ! 

Science course, any questions about the materials needed to be 
'answered *by one or more o£ the teacher /developers fh the building. 



ERIC , . ' V - -V '. ..' "130 



158 



Consequently, a certain degree of building level ipservice training 

{ 

transpired during this teacher f s implementatipn of the materials 
throughout the year. ■ • ■ . 

^nqthe^r teacher, who wias. involved only in the final stages of 
the Unified Science Curriculum Development 'Project, reported 
building level inservice during his final year of junior high school 
science teaching* The other two Rex Putnam teachers both reported 
the£r unified Science curriculum development work during the ptior 
.five years as inservice activity, and both had also completed 
classes (Portland Project implementation courses) more than five 
years earlier. • * * 

Summary ' * 

, ' The mean of teacher estimates of the total percentage of 

Instructional time devoted to the districts minimum competency 

process skills : was 59«17 percent. The mode was 20 percent, and the 

if i * 
median 'Was 67.50 percent. 1 

The unified science mean (Rex Putnam High School only) was 

:&2.50 percent J ^5he biology mean was 45.00 jJdrcent, and the physical 

science, jneait >a$ £0.00 percent'. The siagle earth -and .space science 

estimate was 20 percent, and the single integrated science estimate 



was 100 percent. t ^ 

The" thrde overall school means were 52.50 percent :(ClackamasO , 

i ' • . , /" " 

42.50 percent (Milwaukie), and. 82.50 percent; (Jtex Putnam) v . ■ 

Thte emphases bn the science process skills : dee lAred' by the! 

firstVlevel science teachet$<>shawed a general relationship . , ♦ 



to the SPCT posttest scores, SPCT pretest/posttest gains, SPCT 
Subtest gains, and effect sizes. The groups whose teachers had 
indicated the greatest emphasis on the science process skills, had 
the ftfghest "SPCT posttest scores, greatest SPCT prete£t/posttest 
gains, largest number of SPCT Subtests where statistically signifi- 
cant gains were made, and largest effect sizes. The only exception 
to that pattern was the Milwaukie ninthrgrade Integrated Science 
group, whose teacher had reported the highest estimate of time 
devoted tlo the science process skills; the group l^ad .the lowest 
level of performance in each category discussed above. 

No high school level district inservice* training in' the science 
process' skills was fceported, and the only* building level inservice 
activity reported was the Unified Science Curriculum Development 
Project! at Rex Putnam High School, One-third of the teachers 



repprted) completing classes concerned with the science process skills 
more than five' years earlier* ""^>^_ 



Summary Discussion of Sample One Findings 

The most Consistent and frequent finding from the analysis of 
J. * I * * 

the Sample One data was the. Very strona.relationship that existed 

1 I "t 
* * i ' 1 * 

between academic achievement and science Wocess skill competency 

/ 

as measured by the SPCT. This i^-as^eciall^ true for achievement 
in the areas of matfiSmatic/and reading. SPCT posttest variance had 
greater percentages accotmted for by academic achievement than by any 
other .variable* i 



160 

Academic achievement / 

"In all six regression analyses of Sample One data,* mathematics 
achievement was "significant (p < .001) and the* most Important 
predictor variable, acboun^ng for an average of 38.52 percent of 
the variance, Reading achievement was also a significant (p < .001) 
pfedictor variable in two regression equations, and language - 
achievement was a significant (p < .001) vari|ble in one regression 
equation. 

SPCT pretest , 

'* The mean SPCT pretest score for. Sample One students was 9.59 
(out of a possible 24 points). , SPCT pretest score was the second 
mo^t important variable in accounting fot SPCT poattest variance of 
Sampl/ One students; it was a significant (p <.0CKL) predictor' 
variably iix all initial regression .'equations and accounted for an 
average of 7.91 percenuof the variance. 

' • \ ■• ;• ■ ' 

«Type of science 

The t-tests of SPtT pfcetast/posttest gains indicated that all 
types of science were showing gains at about\he same statistical 
level of significance (p <.05). The t-tests of the changes on 
SPCT Subtests detected some differences. While several of thef types 
of science had significant, (p < .05) g#ias on four or five <^ th ^ 
Subtests, only the Rex Putnam Unified Science course had Students 
make" signif io#nt gains on all six Subtests. These gains- were made 
by both ninth- and tenth-grade students. The Milwaukie ninth-grade 
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ant gains 



Integrated Science group had the smallest number of significant gains 

J 

on the Subtests, with only one. 

The effect sizes or A values for each of the groups in Sample 
One identified some additional differences. The ClacKSmas Physical 
Science groups had the two highest effect sizes (0.82 and 0.90) in 
the study, followed by the two Rex Putnam High School Unified Science 
groups* (0.68 and 0.74). Both of these types of science, physicaJU 
science and unified science, had distinctly larger effect sizes than 
the other groups and £ypes of science in the study. The only other 
effect si?e that would be considered above average when compared to 
those reported in the literature would be the 0.51* of the Clackamas 
tenth-grade Biology group*. * » v 

.The ANCOVA results . indicated significant (p < .001) school t 

differences. The students ap Clackamas and Rex Putnam High Schools* 

had- significantly higheiT^adjusted SPCT posttest scores than-ttye 

students at Milwaukie High School. This indicates that the Unified 

r 

Science course a^J^e£jPutn§to and Physical Science and Biology courses # 
at Clackamas are producing students with higher levels of science 
process skill knowledge , than ^tre tfce 'three first-level courses at 
Milwaukie., The thrfee courese, Biology, Earth and Space Science, and 
Integrated Science, %t Milwaukie show great similarity ii> terms of 
significant pretest/posttest gains,* effect sizes, and significant 
.Subtest gains • • * x , . f / 

! There is no "best". type C\i science emerging from the analyses of t 



:, hoWiVex, 



the data. Differences do exist, howevex, as haVe just been discussed f 
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There is at\, Element of science process skill development not yet 
discussed; this is the science process ski/l competency of students 
who have left the first-level science course, tut who are still in 
the high schools. Sample Two data analysis reported later in this 
chapter provides information relative to this ^dimension of the first- 
level science courses. 

Grade level * . . 

™~^ — ~ — ~ " ~ ~~ * • » 

In all comparisons, the data consistently indicated higher scojres 
for students who had studied their first-level science in the tenth 
grade when compared to students yho had studied it in the ninth 
grade . -For the total Sample One data, tenth-grade students had 
significantly (p <,.001) higher adjusted- SRCT scores; than did ninth- 
grade students. The only exception to this general finding was foy 
selected groups of ninth-grade students who had high levels of 
achievement in the ar<*as of mat/hematics, reading, and language ♦ 

Sey . 

Sex was found to be a* significant jCp < *001) variable in 
accounting for SPCT posttest variance in three of six regression 
equations. In ail* cases, males had significantly higher scores 
than females, and the average amount of variance accounted for by , 
the sex variable was 1.85 percent. 



Age was not found to account for two percent or more of the 

SPCT posttest variance in any of the initial regression, analyses 

% • 

of Samplfe One data. , 



i ■ ■ 

s I, 



i 

• . c 

lor*. 
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Sample Two 
Descriptive Statistics 

CAT* scores 
0 . / 

Table 44 presents mean CAT scores for total reading, total 
language, .and total mathematics for each groupjin Sample Two* 
The highest group mean, 56.53 in mathematics, and the lowest group 
mean, 49.37 in language, both belonged to the Rex Putnam 12th-grade 
group. The means for all students were 53. 53 j in* reading, 51.87 in 
language, and 53.87 in mathematics. The ranges of the CAT means 
.were 3.40 for .reading, 5.13 for language, an^ 4.50 for mathematics. 

Five of ^he seven groups had tiheir lowest mean in language. 

Both Clackamas groups had their highest^ mekis in reading, while 

both, Rex Putnam groups had their highest means in mathematics. The 

group with the highest total CAT means wa^/ the Clackamas 12th-gr*ade 

/ ■ ~ 

(162. 87)., while -the group* with the lowest total CAT'fflteans was the 

Milyaukie llth-grade group (155.59). 

The average to.tal CAT means for schools were 162. §1 for 
Clackamas," .157.92 for Milwaukie, Wnd 157,41 for Rex Putnam. , 

The average-total CAT means for each grade level were. 160.61 ..' 
£or the 10th grade, 158.14 for the 11th grade, and 159.72 for the 
12th grade. The.. only' apparent pattern in the CAT means /across grade* 
levels was an inverse r^latiWhip between, language mfeans «md., grade " 
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SPCT N 

' Table 44 presents the'mean SPCT scores for each group ,in 
Sample Two, The highest mean score was 13*77 Qtex Putnam T2t;h ^ 
grade) , the lowest mean score 10. 7Q (Milwaukie 11th grade), and 
the mean score for ail students jL2.il, The range for the SPCT 
group means was 3.07. S 

The mean SPCT scores 'for 'each school were 12. AA for Clackamas, 
11.19 for Milwaukie, and 13.17 for Rex Putnam. With one exception, 

the Milwaukie llth-grade group,' SPCT 'soores ■ increased with grade , 

. * 

level within- each school* 

• •» « 

The mean SPCT scores for each grade level were 11, AO for the 
'lbttfi grade, 11.85 for tlie 11th grade; and '12**61 for the 12th graie, 

*SPCT Subtests * - * ■'•« . . • 1 

^ T^ t * ' I " * *. . 

Table A4 presents ,the mean SPCT, Subtest scores for each group in 

Saitole ttfff.--.The SPCT contaiiis six. Subtests, one .for each of the! 
prdcess skill competency areas ^included in the study.-* Scores oni 
each Subtest can r^nge from z^ro to four. The highest group. mean on 
-any Subtest .was 2.87 '(Interpreting, Data); the lowest group mean on 
anV, Subtest was ; Q.'63 (Modeling)* ' 

'the tptal Sample Two means for the SPCT Subtests were 2.33 

v .;" . » \ k . , * * s /. 

Classifying) '/.&U?; G&sefving) , 2*61 (.Interpreting Data), 1.9? 

' * jr"v'. 
t (Zdmtifyiiig^l^ble^r^fM .(Modeling) , and 2, OA ^Measuring) 1 . 

Thfe grdnd Sample Twc^tne&n for all Subtests was 2..Q?; 



Summary . • ' * i 

* * i 

* 4 ' * I 

The highest overall CAT achieveaent area for Sample Two 
students was mathematics, followed closely by. reading. The - 

individual group with the highest total CAT means was the Clackamas 

* j 

12th-grade group, and ttfe group ,with the lowest total CAT means 
was the tyilwaukie llth^grade gr^up. Clackamas High School students 
had a total CAT me^n score (162.81) that was 4.89 higher than that, 
of Milwaukie High School students and 5.40 higher than that of 
Rex Putnam High School students. The total CAT meat scores for the 
three grade levels included in SanqS^e Two were very similar, with a 
range of 2.47 and grand mean /of 159.49. j 

•The SPCT mean for all students ifi* Sample Two was 12.11. The 5 
highest SPCT mean for an individual group was 13,77 for the Rex 
Putnam 12th-grade group. The 'lowest SPCT mean for an individual 
group was 10.70 for the Milwaukie llth-grade group. Sample Two 
student SPCT means increased with g;rade level, with a 0.45 increase 
between grades 10 and 1^ and a 0.76 increase between grades 11* and 
12. Rex ^Putnam High School students had the highest school mean, 
13.17, and Milwaukie fyigh School Students the lowest school mean, , 
11.19. 

The SPCT Subtes^ with the highest total student mean was 
**' 7 * • 

Interpreting Data* (2.61),. The Stibtest with the lowest total student 

1 / * 

mean was Modeling (0.92). Five of the.aeven group means on the 

/ t' * 

Modeling Subtest Were t|ear the probability level for guessing. 



Total student means were almost identical for the Classifying (2.33) 
and Observing (2.29) .Subtests, which represented the second and third 
highest total student means for any Subtests. Milwaukie High School 
students had the lowest mean on each Subtest , \^nd^t he 12th-grade 
students had the highest grade-level mean on each'Subtest . 




TABLE 44 , 
SAMPLE TWO MEANS OF SPCT SCORES AND CAT SCORES BY SCHOOL AND GRADE LEVEL 



Group 


II 


QPPT 




Observe 


Interpret, 


Variable 


MofJel 


Measure 


CAT 
Read" 

f 


' CAT 
Lang 


CAT 
Math* 


Clackamas 11 


30 


12.27 


2.37 


2.30 . 


* 2,87 , 


* 2.03 


0.63' 


2.07 


55.47 


. 54.50 

* 


52,77 

i 


Clackamas 12 


30 


12.60 


2.57 


2.50 


2.60., 


1.77 


0.$7 


2,30 


55.17 


53.00 


54; 70 


Mllvaukle 10 


30 


11.40 


2.27 


2.27 


■ 2.60 


,1.90 


(K70 


1.67 


53.17 


53.27 


54. ft 


Milvaukie 11 


30 


10.70 


2.07 


2.17 


,2.20 


1.40 


'0.80 


* « 
; 2.07 


51.93 


51.23 


52.43 


Mllvaukle 12, 


30 


11. 47 


2.13 


2.13 


2 ; 5 ? 


2.00 • 


0 t 70 


1.93 


54.37 


51.17 


52,03 


Rex Putnam 11 


30 


*2.57 


2.30 


2.27 


2.60 


2.17 


1.33 


1.90 


51,77 


50'. 53 


53.80 


Rex Putnam 12 


30 


13.77 


2.63 


v 2.40 


2.80 


.2.17 


1.40 


2.33 ' 


52.83 


49.37 


56.53 
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I » Regression Analysis of* Total Sample r , 

Two SPCT. Variance ^ 

Table 45 presents the ,restilts of multiple regression analysis 

of all Sample .Two student SPCT scores. There were 35 independent 

v variables 4 ehtered into the multiple regression procedure. Formal! 

multiply regression analyses itnVhie study, the equation select 



2Cte4 



for presentation and discussion was the one that, contained all 
predictor, variables that accounted for approximately two percent 
or more of the« variance. * 

The main regression equation contained five predictor variables - 
lhat collectively accounted for 54. 95 percent of the Vari^nce^. and* 

had an F-value of 49.51 with -5 and 203 degrees, of freedom. Thip was : 

' ^ ' i . 

* significant at .p' < .001. The most important predictor variable was 

/mathematics Achievement , .which .accounted fo^41.7Q percent of the * 

. ! ' ^ 1 ' 1 < • * > . * <, < 

variance. The other predictor Variables in the equation, in \ « » 
decreasing order of imjJ6rtapce, were reading > achieyement > 'Unified 

« Scienke, elective science, and sex. * ( 

• - / - ^ * 

/The entry of unified science* into thfe equation was significant 

for two reasons/ - First, it was the only instance wher|,a first-level 

type of .science appeared 4jaLa_,total sample ..regression equation, In ' - 

- v - '• - •* • — / " ' v, ,# v- 1 "\ 

addition, it'afceounted for a larger share 6f the variant** X3.22 per- 
I- 'certify than did having completed some, eTactive science-(l*59 i>erce|it); t 
Removal of the strongest ptedictot, mathematics achievement; * , 



from^the H^of indepentept: variables ^ptf. repetition ^ of the^ t " ^ ^ 
^multiple ^egression procedure produced ihe Results .found in table 46<-, 



^9 f 



*.. .':v 
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This regression equation contained six predictor variables that 
collectively accounted for 53.55 percent of the variance, The 
equation F-value was 38. 81. with 6 and 202 degrees of freedom, which 
"was significant at p_<*001. 

The most important predictor variable in this second equation 
was reading achievement, which accounted for 38*86 percent of the 
variance. The other variables in the equation, in decreasing order 
of* importance, were unified science > mathematics beyond algebra, 
one semester of physics, language achievement, and sex. 

Of special interest in equation two are the disappearance of 
elective science and the entry of mathematics beyond algebra, 
language achievement, and one semester of physics. The disappearance 



of elective science was due primarily to Its "strong positive relation- 

on 



'ship to mathematics beyond algebra, which entered the equation on 



step three. Mathematics beyond algebra had a strong positive 
relationship to mathematics achievement, and therefore when mathe- 
iaatics achievement was removed from the list of independent 
variables, mathematics beyond algebra emerged as a reasonably 
important predictor. The entry of language achievement into the 
equation indicates that it is somewhat independent of reading 
achievement and accounts for, a portion of the SPOT variance for 
other reasons; most likely this is a reflection of its positive 
relationship to mathematics achievement. The entry of one semester 
of physics was indicative of its strong positive relationship to 
mathematics achievement and relative independence from the variables 
preceding it in the equation. 

VJ3 * 



TABLE 45 



Total, Sample' Two Multiple Regression of 35 
"Variables on SgCT Posttest Scores 



MULTIPLE * 0.74125 tf 

R SQUARE 0*549*5 

ADJUSTEO * SQUARE 0.53*36 

STANDARD ERftOK 2*65509 



ANALYST'S OF VARIANCE' OF 
REGR tSSION 5. 
RESIDUAL 203. 



SUN OF SQUARES 
1745.20230 
1431*0*650 



MEAN SQUAiE 
i*9.0*0*6 
7*0*9*9 



VARIABLES IN THE EQUATION 



VARIABLE " 

CATMATH 
CATREAO 
TYPESC4 
EL EC SCI 
SEX • t 
(CONSTANT) 



0*1407143 
0*1*05350 
1.5*25959 
0.9699*96 
0.B5B495* 
-*.*11062 



BETA 

0.3337B 
0.39037 
0.17795 
0.12303 
0.11011 



STO ERROR B 

0.0272B 
0*02974 
0.41*50 
0.41761 
* 0.37266 



26.607 
36.4*2 
13.495 
5.390 
5.301 



VARIABLES NOT IN THE EQJATlUM 



VARIABLE 


BETA IN 


PARTIAL 


TOLERANCE 


F • 


CATLANG 


0.11355 


0.10014 


0.35530 


2*075* 


AGE 


0.015*2 


0.0229J 


M.9*37* 


0.10« 


GAA0E1O 


-0.01141 


-0.01642 


0.9j*JU 


u.o$r» 


GRA0E11 


-0.01726 


-O.02»5» 


0.9*9a» 


0.132 


GRA0C12 


0.02565 


0.037*6 


0.9640a 


6.2** 


CLACRHI 


0.07973 


0. 10766 


0.*2151 ' 


2.369 


N1LHI 


-0.0*4*9 


-0.10*46 


0.74*53 


2.*0d 


PUTHl 


0.03617 


0.01598 


0.0* 796 


u.052 


VRREH1 


. 0.03753 


O.OSjlO 


, 0.90177 


0.571, 


VRREN2 


-0.01206 


-0.01771 


0.97165 


O.063 


YRREM3 


-0.0330d 


-0.05*37 


0.9io76 


0.5VV 


TYFESCr 


0.03631 


0.0437b 


0.6d**91 


U.3«* 


TVFESC2 


-0.05965 


-0.03*52 


U.9*o01 


1.52* 


TYPESC3 


0.01 107 


0.01503 


0.*3j3* 


0*04* 


SMELSC1 


-0.06761 


-0.09*56 


0.94976 


1.9*1 


SMELSC2 


-0.01547 


-0.01691 


0.33a0^ 


0.05» 


SHcwSC3 


. 0.02935 • 


0.04 2.» 


0.9210Z 


0*369 


SMELSC* 


-0.03*60' 


-O.053J6 


O.»609o 


0*577 


SMELSC5 


0.02162 


0.0306* 


0.VU3U7 


0.19J 


SMELSC6 


0.05 965 


O.J**** 


0*911** 


1**6* 


Sl\ELSC7 


0.01 115 


0.02777 


s 0.97749 


0*156 


SMELSC* 


-0.00495 


-0.00729 


0.9>3»6 


0*011 


BI01 


-0.04225 


-0.05404 


0.737U3 


o;»92 


BI02 


-0*03 B41 


-0.04917 


0.7**46 


0.*9* 


CHEN1 - 


0.05971 


0.05673 


o.*v»7u' 


0*652 


CHEN2 


0.07903 


0.07616 


0.*l«*o 


* 1.17V 


PHY1 


0.069*7 


0.0*797 


0.7W32 


1*575 


PHY2 


0.07197 


0.09 550 


0.7y^l 


1.659 


ADVCHtil 


0.071*09 


0.103*5 


U.*7 J^V 


2.U5 


BYNOALG 


0.07SJ9 


0.0*144 


0.4*927 


1.3*9 




SUMMARY TABLE 






VARIABLE 


MULTIPLE R 


R SQUARE 


RSQ "CHANCE 


SIMPLE R 


CATHATH 


0.6457? 


0.41701 


0.41701 


0.64577 


CATREAD 


0.69973 


0.4*962 


0.07261 


0.62337 


YVPESC4 


0.72237 


0.52112 


0.03220 


0.17232 


*ELECSCI 


' 0.73327 


0.53769 


0.015*7 


0.42960 


SEX 


0.74125 


0.54945 


0.01177 


p. U 63 99 
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TABLE 46 

To$al Sample Two x Multiple Regression of 
34 Variables on SPCT Posttest Scores with 
Mathematics Achievement EpninvAri 

HULT1PLE R . 0.73179 • ^ 
R SQUARE 0.53551 

ADJUSTED R SQUARE , 0.5U72 
STANDARD ERR OH 2.70252 



ANALYSIS OF VARIANCE ' OF 
REGRESSION •• 
RE^I DUAL > 202. 



SUN OF SQUARES 
1700.92119 
U 7 5. 3 27 62 



MEAN SQUAKE 
263.** 4*4 

7.30J60 



1*^4 



1444 



VARIABLE 

CATREAO 
TYPESC4 
•YNOALG 
FHY1 
CATLANG 
SEX* 



VARIABLES IN THE EQUATION 

• BETA; STD ERROR • 



0.1540*91 
1.477095 
1.541942 
2.007140 
0.1019696 
0.9324400 



0.33319 
0.19554 
0.19750 
0.16113 
0.21503 
0.1195V 



0.03642 
0.43425 
0.47410 
0.66759 
0.03751 
0.3*25* 



15.757 
14.6*4 
10.7o3 
9.03V 
7.392 
5.942 



(CONSTANT! -3.514214 



VARIABLE 


BETA IN 


AGE 


0.01715 


ELECSCI 


0.09022 


GRADE 10 


-0.02722 


GRA0E11 \ 


-0.00243 


GRADE 12 1 


» 0.02276 


CLACK Hi 


0.05374 


NILHI 


-0.06319 


FMTmI 


0.03236 


YRREH1 


0.020*6 


YRREH2 


0.01639 


YRREN3 


-0.05476 


TYPESC1 


0.0*44* 


TYPESC2 


. -0.06264 


TYPfcSC3 


0.00341 


SHELSC1 


-0.05 71B 


SMELSC2 


0. 07199 


SNELSC3 


0.06296 


SNELSC4 


-0.03225 


SMELSC5 


0.00 300 


SMELSC6 


0.05221 


SMELSCT* 


0.01665 


SNELSC4 


-0.01991 


•101 


-0.02053 


•102 


-0.01374 


CHEH1 


0.09441 


CMEH2 


0.11101 


FHY2 


0.02575 


A0VCHEN1 


0.09494 



VARIABLES NOT IN THfc EwUATIuN 
PARTIAL 



to. 02 355 

0.11096 
-O.03t)69 
-0.00 34o 

0.03179 

0.071.2.6 
-0.07V6? s 
p 0.03533 

0.02 97U . 

0.02396 
-0.0733* 

0.05367 . 
-0.04 906 

~0.00*o4 * 
-0.0&2»» • 

0.101O4 

0.04900 
-0.0456m 
0.00390' 
0.07065 
0.02732 
-0.0279* 
-0.02*5* 
-0.01927 
0.11433 
0.13634 
0.01459 
0.12495 



TOLERANCE 


F 


0.4756V 


0.112 


0.70*54 


2.506 


O.VJoO* 


0.401 


0.9419* 


0.002 


u. 90*79 


0.203 


* U.BlVoo 


1.0*9 


0.73o02 


1.243 


O.Oa>*l » 


0.251 


0.93V5O 


6.177 


0.99*162 


0.115 




1.4*1 


0.67u35 


0.645 


0.93300 fl 


1.407 


0.45 9*3 


0.004 


O.V7J»6 


1.343 


0.92*>55 


2.100 


O.V«lal9 


1.405 


0.93UU 


0.4*0 


j.T d Sit 


0.003 


O.*50*« 


1.008 


0.975*9 


0.160 


0.91727 


0.157 


0.497J7 


0.144 


0.91*43 


0.075 


0*44 iL4 


2.442 


0.7006V 


3.»07 


0.16^1* 


0.054 


0.45700 


3.3VV 



VARIABLE 

CATREAO 

TYPESC4 

•YNOALG 

>MY1 

CAT LANG 

SIX. 



? SUN NARY TABLE 
MULTIPLE R R SQUARE RSQ CHANGE v SINFLE R 



0.42337 
0.44776 
0.70004 
0.71324 
0.72239 
••73179 



0.3*459 
0.44593 
0.49009 
0.50474 
0.52 1*5 
0.53551 



0.36639 

0.03733 
0.04*14 
0.01144 
0.01311 
0*01344 



0.42337 

0.17232 

0.54**2 

0*36403 

0.3*437* 

0.04399 
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Regression Analysis of SPCT Posttest 

/ Variance by Grade Level 

m « 

Tenth grade 1 * • 

S) Table 47 presents the results of the multiple regression, 
analysis of Sample Two tenth-:grade SPCT scores, The regression m 
equation contained three predictor variables that ^collectively 
accounted for 50.19 percent of the variance. The F-value for the 
equation was 8.73 with 3 and 26 degrees of freedom, which was 
significant at p < .001. * 

.The most important predictor variable was mathematics achieve- 
Aent, which accounted for 41 1 78 percent of the variance. The other 
predictor variables, i\i decreasing order of importance, were unified 
science and mathematics beyond algebra. It should be kept in mind 
that tenth-grade students in Sample Two were all from Milwaukie 
High School. 

It 'V, 

Removal of the most important predictor variable, mathematics 
achievement, from the list of independent variables and repetition 
of the multiple regression analysis produced the results found in 
table 48. The second regression equation contained two predictor 
variables th^t collectively accounted for 38,24 percent of the 
variance. The F-value for the .equation was 8.36 with 2 and 27 
degrees of freedom, w^ich was significant at p <.005. 

The most important predictor variable was " mathematics beyond 
, algebra, which accounted 1 for 34,98 percent of the variance. The 



10'J 



1 
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other predictor variable in the equation was earth and space 9 
science, which had a negative regression coefficient and accounted 
for 3.25 percent of the variance* 
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TABLE 47 

Sample Two Tenth-Grade Multiple Regression 
of 13 Variables oti SPCT Scores 



MULTIPLE R 0.706*5 

R SQUARE - 0*50190 

ADJUSTED R SQUARE 0.44443 

STANDARD ERROR , 2.69526 



ANALYSIS OF 
RE GK ESS I ON 
RESIOUAL 



VARIANCE 



VARIABLE 

CATMATH 
TYPESC4 
BYNOALG 



DF SUM OF SQUARES 
3. - 190.32166 
26. i 188.87834 



MEAN SOUARE 
63.44 u?5 
7.26455 



- VARIABLES 



W THE EQUATION 



BETA 



0.1981363 
2.749136 
1.964760 
(CONSTANT) -0.8517552 



0.5236 
0.2319b 
0.26031 



STD ERROR 8 

0.07628 
1.71375 
1.45563 



F 

3.732*9 



6V74B* 
2.573 
1.622 



— VARIABLES N07 ( IN THE EaJATW* 



VARIABLE 

CA TREAD 
CATLANG 
SEX 
AGE 

ELECSCI 

TYPO SCI 

TYPESC2 

SHELSC2 

CHEMl 

CHEH2 



BETA IN 

-0.11418 

^0.22453 
0.12 0*2 
-0.12906 
-0.03282 
0.02489 
-0.02404 
-0. 03*o2 
-0.03282 
-0.03282 



PARTIAL' TuLERANCE 



-0.10446 
-0.16575 

0.15567 
-0.16049 
-0*04106 

0.03034 
-0.03034 
-rO.Q4lOo 
-0.04106 
-0.04406 



D.4lo91 
U.d4<*94 

Q.'ioHl 
U.7/9o4 
0.7ho/h 
0.79*37 
0.779o«* 
0.779o* 
0 .77964 



0.276 
0.693 
0.6H 
0.661 
0.044 
0.025 
0.0*.£ 
0.044 
0.U4Z 
U.044 



VARIABLE 

CATMATH 
TYPESC4 
•YNOALG 



SUMMARY TABLE 
MULTIPLE R R SQUARE RSO CHANGE 



0.64640 
0.66337 
0.70645 



0.41764 
0.46700 
0.50190 



. 0.41764 
G.U4914 
0.03490 



SIMPLE R 

0.64640 
0.02500 
0.59146 



? 
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TABLE 48 

Sample Two Tenttf-Grade Multiple Regression of 12 Variabl 
on SPCT Scores with Mathematics Achievement Removed 



MULTIPLE R 0*61836 

R SQUARE 0*38237 

ADJUSTED R SQUARE 0*33662 

STANDARD ERROR 2*94522 



ANALYSIS OF 

REGRESSION 

RESIDUAL 



VARIANCE 




SUM OF SQUARES 
144*99342 
234*20658 



MEAN SQUARE 
7^.49671 
••67432 



VARIABLE 

BYNDALG 
TYPESC2 
(CONSTANT) 



VARIABLES IN THE EQUATION 

B BETA STO ERROR B 



4.177171 
-1.343838 
9.247X99 



0.56619 
-0.18215 



1.12675 
1.12675 



F 

8.35763 



13.744- 
1*422 







— VARIABLES 




VARIABLE 


■ BETA IN 




' CA TREAD 


0*04447 




CATLANG 


, 0*12882 




SEX 


0*04213 


** 


AGE 


-0.1*225 




ELECSCI 


0*08410 




TYPESCl 


H). 18289 




TYPESC4 


0*10998 i 




SMELSC2 


0*08410 




CHEM1 


0*08410 




CMEM2 


0.0S410 



PARTIAL TOLERANCE 



0*04145 
0*12483 
0.05^92 

•0*14521 
d*09612 

-0*13094 
0*13094 
0*09612 

0*09612 
0*09612 



0.53671 

0.58002 

0*97464 

0.74*61 

0*80680 

0*31663 

0*67561 

0*80680 

0*80680 

0*80680 



0*045 
0.412 
0*073 
0*560 
0*242 
0*454 
' 0.45* 
0*242 
0*242 
0*242 



Variable 

BYNDALG 
TYPESC2 



SUMMARY TABLE 
MULTIPLE R R SQUARE RSQ CHANGE 



0*59146 
0*61836 



0*34983 
0*38237 



0*34963 
0*03254 



SIMPLE R 

0*59146 
-0*26071 
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11th grade « 

Table 49 presents the results of the multiple regression 
analysis of ^raple Two llth-grade student SPCT scores. t The 
regression equation contained four predictor variables that 
collectively .accounted for 52.85 percent of the variance. The 
F-valus was 23. 5A with A and 8A degrees of freedom, which was 
significant at p < .001.^ 

The most important predictor variable was reading achievement, 

l f t 

which accounted for. A2.60 percent of the variance. The other 
predictor variables, in decreasing order of importance, were 
elective science, earth and space science, and physics. Earth and' 
space science had a negative regression coefficient. 

Remqyal, of the most important predictor variable, reading 

'achievement, from the .list o( independent variables and repetition 

* & 

of the.'/multiple regression analysis ptoduced the results found in , 

j * * " 

tabl# 50. The new regression equation contained seven predictor 

variable?," and they collectively, accounted for 56. 7A percent of the 
variance. ' The F-value for the equation was 15.18 with 7 and 81 
degrees of freedom, which was significant at p < .001. . . 

Th.e most important predictor, -variable was mathematics achieve-, 
menty, accounting for 3^.23* percent of the variance. The other 
,'prediorof variables in the equatioif,',in decreasing order of 
importances were language *achfevei9ent; physics, chemistry, 
Milwaukie' High School 1 , sex, anji earth -and space science,. Milwaukie 
HigtTSchool and earth 6nd space science both had negative .regression 
^coefficients. 
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The examination of the 'simple correlation coefficients and the 
results of the twS regression analyses emphasize tl^importance of 

academic schievement in reading, mathematics, and language as 

r 

predictor variables. Also of interest is the disappearance of 
elective science from the second equation. Most of the importance 
of elective science as a predictor was.included in the chemistry 
and physics variables, which enteted the equation in steps three and 
four. Earth' and Space Science, a first-level science course, vas a^ 
predictor variable with a negative correlation coefficient in both 

equations. The sex variable in the second equation was a reflection 

f 

of males having significantly higher scores than females. 



* * 
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TABLE 49 

Sample*Twq llth-Grade.Multipie Regression 
o£ 25 Variables on SPCT Scores 



MULTIPLE R . 0.72693 

R SQUARE 0.52849 

A0JUSTE0 R SQUARE 0*90634 

STANOARO ERROR ' 2.76101 



lVsis 



ANALYSIS CF VARIANCE 
REGRESSION 
RESZOUAL 



OF SUN OF SQUARES 
4. 717.74106 
•4* 640*34883 



HE AM SQUARE 
179.43526 
7*62320 



23.5310 



VARIABLE 

CAT RE AO 

ELECSC1 
TYPESC2 
PHV2 

{CONSTANT) 



VARIABLES IN \*l EQUATION 

8 * 8ETA STO ERRCR *8 



0*2548654 
1.4373316 

-6*408258 
3.536290 

-2.315553 



0.55570*' 
• 0.18599 
-0.17291 

0.16338 



0.03632 
0.64357 
2.79354 
i. 67277 



49.253 
5.341 
5.262 
4.469 



VARI AdLES NOT IN THE EQUATION 



VARIH^E 

X AT LANG 
CATHATH 
SEX 

AGE • ' 
CLACKHI 
MILH1 
PUTHI 
TYPESC1 
TYPESC3 " 
TYPESC4 
SHELSC1 
SMELSC2 
SHELSC3 
SMELSC4 
* SHELSC6 
8101 
,8102 
CHEHl - 
CHEH2 
PHY1 
8YN0ALG 



6ETA IN 

0.20817 
. 0.17428- 

0.03817 

0'.09874 
-0.01953 
-0.09624 
' 0.12320 
-0.0^292 
-0.015?5 

0.11735 
-0.09219 

0.076d9 k 

0.11974 
-0.03586 

0.0183C 
-0.13773 
-0.1*5622 

0.06462 

0.08394 
•0.08981 \ 

O.OSAdlJ 



PARTIAL TOLERANCE 



0.1*7535 

0.17333. 

0.12292 

0.13461 
-0.02745 
-0.13635 

0.17022 
-0*12919 
-0.02222 

0.16089 
-0.12717 

0.07441 

0.17225 
-0.11744 

0.02173 
-0.16365 
r*. 18459 

0.05741 
3.06546 

0.08244 
0.09384 



0.33458 . 

3.46395 

0.91628 

0.37644 

0.93173 

0.95332 

0.90307 

0.91146 

0.93351 

0.68631 

0.89720 

0.44164 

0.97576 

0.582^2 

0.66478 

0.66573 

0*65828 

C. 51302 

0.53793' 

0.39731 

0.56132 



2.63 
2.58 

1.53 
0*06 
1.58 
2.47 
1.40 
0.04 
2.20 
1.34 
0.46 
2*53 
1.16 
0.03 
2.28 
2.92 
0.37 
0.42 
0.54 
0.73 



VARI ABLE 

CATREAO 

•-fcLEtSCI 
TYPESC2 
PHY* 



SUMMARY 'TABLE 
MULTIPLE R R SQUARE RSQ CHANGE 



0*65266 
0.46160 
0*70951 
0.72498 



0.42597 
0.4-7417 
0.50341 
0.52849 



0*42597 
0.04821 
0.02923 
'0.02509 



SIMPLE R 

0.65246 
0.*0948 m 
-^0.24284 
0.29171 



I" 
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. v TABLE 50 

Sample Two llth-Grade Multiple Regression of 24 Variables 
on SPCT Scores; with Reading .Achievement Removed 

MULTIPLE R 0.75326 

* SOUAAE 0.56740 

ADJUSTEO R SQUARE 0*53002 

STAN OA RO ERRCR 2.6S318 



ANALYSIS CF VARIANCE OF SUM CF SCJARES MEAN SQUARE f 
REGRESSION 7. 770*56120 110*06303 15.17711 

RESICLAL ^ + II* 567*50369 7.25319 



VARIABLES IN THE EQUATION 



variable 
catKath 

CAtlANG 

PHY* 

CHEK2 

M1LHI 

SEX 

TVPESC2 ' 
CCONStANT) 



' 6 

0.6421 9410- 01 
0*1995159 

3.569896 

i. 721517 
-1*335396 

1.223163 
-5*430617 
-3.573^45 



SETA 

0*19672 
0*41390 
C. 16566 
0*ib395 

-0.16160 
0*15608 

-0.U4653 




5T0 ERROR I 

0*04593 
0.04901 
1.69302 
0.75263 
0.62771 
0.59642 
2.77625 



S 






VARIABLES 


NOT IN THE 


EQUATION 




VARIABLE 


SETA IN 


PARTIAL 


TOLERANCE 


F 


AGE 


D.12039 


0.16343 


0*63960 


2.336 


ELECSCI 


-0*00642 


-0.00863 


0.47614 


0.-006 


CLACKHi 


:«-aV03722 


-0*10696 


0*65076 


. '0.926 


PUTHl 


0*06646 


0*10698 


• 0*66196 


0*926 


TVPESCL 


-0*02485 


-0.03232 


0*75495 


0*016 


TVPESC3 


' -0.0229C 


-D. 03275 


0*66430 


0*016 


TYPESC4 . 


0*05733 


0.07149 


0.67265 


0*411 


SMELSC1 


-0*07454 


«-0. 11029 


0*94695 


0*915 


SMELSC2 


* 0.04984 


O.O08U 


' 0.60771 


0.373 


5MELSC3 


• 0*11172 


0.16410 


*0.93J26 


2.2U 


SHELSC4, 


-0.08692 


-0.11403 * 


0.74463 


1*054 


SMELSC6 . 


-0.0441* 


-0*05065 


0*5*919 


. ,0.206 


5101 


<-0« 14266 ^ 


-0.19336 


0.77024 , 


3*001 


9102 


-0.13796 


-0*13736 


0.7979r . 


2*911 


CHEH1 


-0.17564 


-0.0o51} 


'0.05944 


0*341 


/HV1 


0*07533 


0.07065 


0.37352 


0*401 


•YNOALG 


0.01491 


' 0.015^3 


C. 46*39 


.0.019 



VAftlAILE 

CATHATH 

CATLANG 

PHY2 

CHViZ 

HILrtI 

SEX - 

TVPESC2 



sugary Table 

> * 

J^LTIPLE R R SQUARE RSQ CHANGE 



0*60191 
0.65409 
0.63636 
C. 70920 
0.72612 
0.73957 
0.75326 



0.36230 
0.427J3 
0.47(09 
C.5C297 
0.52627 
vO. 54697 
0.56740 



0.3623C 
0.06*553 
0.04326 
0.03168 
0.02530 
0*01*70 
0.02044 



SIMPLE R 

0.60191 
0.59194 
0.29171 
0.38606' 

-0.21885, 
0.03740 ' 

-0.24234 



12th grade * ' . • 

* Table 51 presents the results of the multiple regression 9 , 
analysis of Sample Two 12th-grade student SPCT scores. The. 
regression equation contained three predictor variables that / ' 
colljectively accounted for 59.36 percent of the variance. 'The 
F-value was' 41.87 with 3 and 86 degrees of freeddm, which was 
significant at p «£.001. 

The most important .predicts Variable was mathematics achieve- 
ment, which accounted for 47.91 percent of the variance, The other 

predictor variables pere reading achievement and Rex Putnam High N , 

■ i ^ 

School, which accounted'for 8.40 and 3Jp5 percent of 'the variance, 

respectively. > 

Removal of the most iitfportant /predictor variable, mathematics' 
. achievement, and repetition of the multiple regression analyses 

produced the results found in table 52. The new regression equation 
* contained four predictor variables that collectively accounted for 

56.(92 percent, of the variance: The F-yalue for the equation was 

28.08 with 4, and 85 degrees of freedom, which was significant at , . 

p < .001. - < b 

The most 'important predictor variable was* reading achievement, 

* . ► * 

which accounted for 40.90 percent of the variance. The oth^r * 

predictor variables in the equation, in decreasing order of . . 

importance, were Rex Putnam High\ School, mathematics beyond aljebra, 

and -one semeste* of physics. 



• 
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Summary 

The use of multiple regression analysis on the total SPCT 
scores of Sample Two students revealed a strong relationship between 

academic achievement and SPCT scores* This relationship was 

v 

especially ,strpng in the areas of mathematics and readitig. Unified 
science was the only type of< first- ]^vel science that was found to 
contribute significantly to accounting for SPTC variance. Sex, 
favoring males, was a contributing predictor variable. i Elective 
science. and one semester of pbysics^we^e other variables entering^ 
into at least one of the two total Sample Twb equations. 

'* Analysis of each grade levels 1 SPCT scored by means of regression 
analysis produced similar findings to the analysis of the sample as a 
whole. In grades 10 and 12, mathematics achievement was the most 
important predictor. In grade 11, reading achievement accounted for 
the highest percentage of the variance. Unified science was a 
positive contributor to the variance in the 10th grade, while earth 
and space science was ja„ negative contributor t6 the variance in the #s 
lltji grade. Elective science was a predictor variable only at^ the 

llth-grade level. The only elective science course to appear in 

• , * • 

more than one regression was physics, which was present at both the 
11th and 12th grade levels ♦ 



^TABLE 51 



Sample Two 12th-Grade Multiple Regression 
\ of 27 Variables on SPCT Scores 



ANALYSIS CF VARIANCE 

REGRESSION 

RESIOLAl 



HUtflPLE ft 0.77044 

ft SQUARE 0.59356 

I0JUSTE0 ft SQUARE 0.57940 

C AN DA ft 0 EftRCft 2.5697* 




SUM OF SQUARES 
629.46297 
567.92592 



MEAN S JUAAE , 
276.46766 
6.60379 



41.14603 



V Aft I ABLE 



VARIABLES IN THE EQUAT 13N = — 

fi SETA STO EftftCft B 



CATHATH , 0.1793543 0.42200 0.03744 

CATREAO 0. 13o7762 0.41219 0.03962 

POThI 1.526479 0.11262 / 0.60103 

{CONSTANT) -7.7©7317 



22.944 
22.425 
4.450 



Variables nct in the equation 



VARIABLE 

CATLANG 

SEX 

AGE 

ELECSCl 

cCackmi 

^TYPESCl 
TYPESC2 
TYPESC3 

SHEL5C2 

SmELSCI 

SHELSC4 

SHELSC5 

SHELSC6 

SHELSC7 

SHELSC6 

8101 

8102 

CHEM1 

CHEH2 

PHV1 

PHY2 

AOvCHEPl 

IYNOALG 



BETA IN 

\t 

0.12934 
0.07646 
-0.00533 
0.13191 
0.06146 
-0.36146 
-0.03967 
-0.01162 
0.01642 
0.07996' 
0.00362 
-0.02566 
0.03596 
0.C7700 
0.35373 
-0.01622 
0.33721 
0.93721 
0.'10592 
0.10592 
0.06244 
0.06331 
0.I2I17 
0*09441 



PARTIAL TOL'EftANCE 



0.12672 
0.12130 
•0.30676 
0.13161 
3*06234 
-0.0328** 
-0.01277 
-0.01793 
0..02351 
O.12094 
0.00535 
-0.03937 
0.05175 • 
0.11449 
0.01347 
-0.02.90 
0.05415 
0.05415 
0.13726 
0T.13726 
0.13571 
0.11429 
0.17963 
0.10718 



C. 39010 

C.V70I9 

3.91933 

C.77C44 

0.73791 

0.73791 

C. 73660 

0.94491 

0.^39 

0.92J71 

0.38710 

0.95670 

0.64161 

0.89644 

0.91384 

0.95772' 

0.46079 

0.86079' 

0.48255 

0.46255 

0.46626 

0.76483 

0.79637 

0.47942 



1.367 
'1.26S 

or. 007 

2.69S 
0.567 
0.567 
0.014 
0.027 
0.047 
1.262 
0.002 
0.132 
0.226 
1.129 
0.596 
0.053 
0.25C 
0.25C 
1.432 
1.432 
0.941 
1.125 
2.634 
0.968 



VARUS LE 

CATHATH 
CATREAO 
PUTHI 



SUMHAftt TABLE 

MULTIPLE ft II SQUARE ftSQ CHANGE 

0.49217 ■ 0.47910 0.47910 
fl.ftoti) 0.54310 0.CH399 
0.77044 - 0*59356 O.03046 



IHPJLE ft 

0.49217 

0.63955 
0.20737 




\ 



TABLE 52 

V 

Sample Two 12th-Grade Multiple Regression of 26 Variables 
on SPCT Scores with Mathematics Achievement Removed 



MULTIPLE R "0.75440 

R SQUARE 0.56V2* 

AOJUSTEO R SCUAAc 0.5*097 

# STANDAR0 "Eft^CR 2.6611V 



ANALYSIS CF VARIANCE 0? 
REGRESSION V* 
AES10UAL 05. 



SUN OF SQUARES 
795.**76* 
401.9*105 



MEAN SQUARE 
196*86196 
7.06166 



F 

20.0112 



VARIABLES IN THE EQUATION 



VARIABLE 

CATREAO 
PUTHl 
6YN0ALC 
PHYl 

C CONSTANT) 



0.2177713 
1.753592 
2.0*4791 
1.663029 

-1.4100*d 



BETA 

0.*6059 
0.2097V 
0.2*6*0 
0.16682 



STO ERRCR 9 

0.C3872 
0*. 62*75 
0.73*56 
0.79566 



31.631 
7.679 
8.*22 
4.369 



VARIABLE 

CATLANC 

SEX 

ACE 

ELEtSCt 

CLACKHl 

MlLHl 

tYPESCl 

TYPESC2 

Tfp£SC3 

SMEL5C2 

SNELSC3 

SHELSC* 

SHELSC5 

SNELSC6 

SMELSC7 

SNELSCS 

B101 

6102 

CHEMt 

CHEK2 

PHY2 

AOVCHEHl 



VARIABLES NOT IN THE EQUATION — 

BETA IN PARTIAL TOLERANCE 



0.176*6 
0.06137 

-0.35669 
0.103*0 
0.39363 

-0.09883 
0.0**61 

-0.01380 

-0.03*51 
0.06900 
3.06703 

-0.06712 

-0.01091 
0.06**3 
0*01*16 

-0.01932 
0.0005* „ 
0.0005* 

0.00**0 

0.01*10 

-0.0*773 
0.13790 



0.1673* 
0.1^167 

-0.06232 
0.12769 
0.13C15 

-0.13015 
0.35695 

-C. 020*1 

-0.0*752 
0+13032 
0.09910 

-0.09775 

-0.01399 
0.09023 
0.02137 

•0. 02605 
0.03076 
0.00076 
0.0931* 
0.0901* 

<3).026*t 
0.U711 



0.36730 
0.9661* 
0.90S20 
0.65900 
0.7*701 
0.7*701 
0.70202 
0.9*201 
0.61666 
0.92166 
0.9*1*0 
0.91353 
0.70911 
6.0**75 
0.96166 
0.90022 
0.0*707 
0.6*707 
0.57563 
0.57503 
0.13190 
0.79217 



2.*a 

1.26 

0. 57 
1.39 
t.** 

1. ** 
0.27 

0. 03 
0*19 

1. *5 
0.B3 
0.01 
0.01 
0.49 
0.03 
0.06 
0.00 
0.00 
0.01 
0.01 
0.05 
3-0* 



VARIABLE 

CATREAD 
PUT Hi 
4YN0ALC 
PHY1 



SUMMARY TABLE, 
MULTIPLE R R SQUARE RSQ CHANGE 



'0.63955 
0.69653 
0.73966 
0.75**0 



0.*0902 
0.*6515 
0.5*710 
0.54924 



0.409C2 
0.07613 
0.06195 
0.0221A 



SIMPLE R 

0.43955 
0.20737 
0.56290 
0.44527 
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' * 

School Differences in Academic Achievement 
The importance of academic achievement, especially in the areas 
of .mathematics and reading, to science process skill knowledge 
became apparent as a resuJLt <Sf the examination of the simple . ^ 

correlation coefficients and the results of multiple regression 
analyst of the Sample Two data. One-way analysis of variance * 
(ANOVA) was ^ed to identify any school differences in academic 
achievement that .existed in the areas of mathematics? reading, and 
language. 

> ** 
CAT reading - . 

Tabl£ 53 presents th^ ANOVA, results for reading achievement in 
the thr.ee schools. No significant difference was found at p <.05. 

CAT language * 

Table 53 presents the ANOVA results Jgor language achievement in 
the three schools, and table 54 presents the one-way ANOVA results for 
all possible pairings between the three schools. The initial ANOVA 
indicated that a significant difference existed at p».043. ,The 
school comparison ANOVA f s found only one significant difference. 
Clackamas High School students scored significantly higher (p«.010) 
than did Rex Putnam High School students on the CAT total language 
measure. ' * * 

CAT mathematics . 

Table 53 Resents the ANOVA results for mathematics achievement 
in the three schools. No significant difference- was found at p ^.05*. 



186 



TABLE 53 

Total Sample Two Analysis of Variance, of' CAT Reading, Language, 
r ' and Mathematics Achievement Scores by School 



—) : 

READING 

SOURCE OF VARIATION 

MAIN EFFECTS 
ID 

EXPLAINED 
RESIDUAL 
TOTAL . . 



SUM OF ME" AN 

SQUARES DF SQUARE 



294.923 
294.923 , 



2 14*7.461 
Z 147.461 



294.926 2 147.463 
15021.066 .207 72.566 
15315.992 209 -73.282 



>F 



SIGNIF 
- OF F 



2.032 0.134 
2.032 0.134 

2.032 0.134 



LANG 



UA^E 



SOURCE OF VARIATION 

MAIN EFFECTS 
ID 

EXPLAINED 

RESIDUAL 

TOTAL 



SUM OF MEAN 
SQUARES OF SQUARE 



433.278 
433.276 



2 216.639 
2 216.639 



433.281 2 216.641 
14048.703 207 67.868 
14481.984 209 69.292 



SIGNIF 
. F OF F 

3.192 0.043 
3.192 0.043 

3.192 0.043 



MATHEMATICS 

SOURCE OF VARIATION 

MAIN EFFECTS , 
ID ' 

EXPLAINED 

RESIDUAL 

TOTAL 



SUM OF 
SQUARES OF 



158.759 
188.759 



2 
2 



188 .762 2 
17901.371 207 
18090.133 209 



MEAN 
SQUARE 

94.379 
94.379 

94.381 

86.480 

86.556 



SIGNIF 
F OF F 

1.091 0.338 
1.091 0.338 

1.091 0.338 



On' 
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TABLE 54 



Sample Two Analysis of Variance of CAT Language Achievement 
Scores by School Comparisons 



CLACKAMAS VS MILWAUKtE 

SUM OF 

SOURCE OF VARIATION SQUARES 


DF 


s 

MEAN 
SQUARE 


SIGNIP 
F OF F 


MAIN EFFECTS 
ID 

•* • 


124.694 
124.694 


1 
1 


124.694 
124.694 


1.882 
1.882 


0.172 
0.172 


CY PI A T NPH 
CA rLAl (it v/ m 




1 


124.695 


1.882 


0.172 


dcctduAL *\ 

iNuOA I* V ^ *m 1 


9805.977 


148 


66.257 






TOTAL 


9930.672 


149 


66.649 






* 

CLACKAMAS VS ..PUTNAM 
SOURCE OF VARIATION 


• 

SUM OF 
SQUARES 


DF 


I 

MEAN 
•, SQUARE 


> 


SIGN IF 
OF F 


MAIN EFFECTS 
ID 

EXPLAINED 


433.200 
433*200 

433*203 


1 , 
1 

> 

1 


433.200 
433.200 , 

.433.203 


6.900 

V . / WW 

.6.900 


0.010 

0.010 

o.oio 


RESIDUAL 


7407.988 


118 


62.780 






TOTAL 


7841.191 


119 


65.892 

• 






Ml LW AUK I E VS PUTNAM 










♦ 

SIGNIF 
OF F 


SOURCE OF VARIATION 


SUM OF 
SQUARES 


DF 


MEAN 
SQUARE 


F 


MAIN EFFECTS 
ID 


135.334 
135.334 


1 
1 


135.334 
135.334 


1.840 
1.840 


0.177 
0.177 


EXJJAINED 
RESIDUAL 


135.336 
10883.5 39 

0 


1 

148 


135.336 
73.537 


1.840 

t 


0.477 

t 

i 


TOTAL 


11018 .875 


149 


73.952 

• 




* 
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♦ i 

Regression Analysis of SFCT Variance 
by School. 

Clackamas High School 

Table' 55 presents the results of the multiple regression 
analysis of Sample Two Clackamas High School SPCT scores* The 
regression Equation contained three predictor variables that 
collectively accpunted for 44.16 percent of the variance* The 
F-value for the equation was 14.76 with 3 and 56 degrees of 
frejsdom,. which was significant at p < #001. 

The most important predictor variable was reading achievement, 
accounting for 32.98 percent of the variance. The other predictor 
variables were two semesters of elective science and mathematics . 
achievement, accounting for 6.67 and A. 52 percent of the variance, 
respectively. 

Removal of the most important predictor variable, reading 

I 

achievement, from the' list of independent variables and repetition 

♦ 

of the multiple regression analysis produced the results found in 
table 56. The new equation contained three predictor variables that 
collectively accounted for 39.76 percent of tfie variance. The * 

F-value for the equation was 12.32 with 3 and 56 degrees of_freedom f 

— .> / 

* I 

which was significant at p <«001. 

The most important' predictor variable was mathematics achieve- 
ment, which accounted for 31.16 percent of the variance. The other 
two variables in the equation were two semesters of elective sciertce 
ani language achievement,, accounting for 6,17 atid 2.42 percent of £he 
"Variance, respectively. * * 



o 
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TABLE 55 



Sample Two Clackamas High School Multiple Regressioj 
of 19 Variables on SPCT Scores j 



MULTIPLE R 0.66455 

ft SQUARE 0.44li3 

AOJUSTEO R SQUARE 0.41171 

STANDARD ERROR 2.50361 



ANALYSIS OF VARIANCE OF 
REGRESSION 3« 
RESIDUAL 56. 



SUM OF SQUARES ✓ 
277.664 94 
351.06839 



MEAN SQUARE 
92.55498 
6.26908 



14.76373 



* VARIABLE 



VARIABLES IN 1HE EQUATI ON 

B BETA STO ERROR 8 



CATREAO 0. 1456626 0.34323 0.05568 

SMELSC2 ' 1.632560 0.23460 fc 0.°7174d 

CATHATH 0.1113108 0.28096 0.05229 

(CONSTANT) -2.122313 



6.8h5 
5.177 
4.531 



VARIABLE 

CATLANC 

SEX 

AGE\ * 
ELECSCI 
TYPEsCl 
TYPESC3 

SMELSC4 

SNELSC6 

SMELSCB 

BI01 

BI02 

CHEM1 

CHEM2 

PHY1 

PftY2 

BYNOALG 



VARIABLE 

CATREAO 
SMELSC2 
CATHATH 



VARIABLES NOT IN TH£ EQUATION — 
BETA IN PARTIAL TOLERANCE 



0.02069 
0.06632 
0.02619 
-0.03985 
-0.03135 
0.03135 
-0.07495 
0.10609 
-0.08649 
-0.0*844 
-0.03844 
0.07035 
• 0.07035- 
0.00778 
0.00778 
0.07341 



0.01709 
0.0*465 
0.03471 
-0.03270 
-0.04191 
0.04191 

-K>.Q9743 
0.13443 
-0.11293 
-0.04984 
-0.04984 
0.08559 
0.08559 
0.00947 
0. DO 947 
0.07069 



0.38098 

0.90964 

0.4*107 

0.37580 

0.99757 

0.997B7 

0.94357 

0.89661 

0.95202 

0.93852 

0.9?o52 

0.8265i> 

0.82655 

0.82717 

0.82717 



SUMMARY TABLE 



0.57425 
0.62964 
0.6*455 



6.32977 
0*39645 
0.44163 



0.32977 
0.06668 
0.04518 



0.016 
0.397 
0.066. 

"0.059 
0.097 
0.097 

4 0.527 

1.012 
0.711 
0.137 
0.137 
0.406 
0.406 
0.005 
0.005 
0.276 



MULTIPLE R R SQUARE RSQ CHANCE SIMPLE R 



Q.57425 
0.37373 
0455825 



TABLE 56 
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Sample Two Clackamas High School Multiple Regression of 18 
Variables on SPCT Scores with Reading Achievement Removed 

MULTIPLE * v. , f , 0.43057 

. N ft SQUARE .0.39762 

ADJUSTED R SQUARE 0.3*535 

ST ANOARD. ERROR 2.JE>0061 



ANALYSIS OF VARIANCE . OF 
REGRESSION 3. 
RESIDUAL 56. 



SUN OF SQUARES - MEAN SQUARE 
249.99624 13.33208 
• 371.73709 6.76316 



12.32147 



VARIABLE 



VARIABLE 4 IN THE tQUATl ON 



CATMATH 0.1428647 
* SHELSC2 > 1.690782 
CATLANG 0. 93496220-01 

(CONSTANT) -0.8ff$0989 



BETA 

0.36061 
0.24297 
0.20978 



STO ERROR B 

0.05564 
0.74529 
6.06228 



6.592 
5.147 
2.254 



VARIABLE 

SEX 
AGE 

ELECSCI 

TYPESC1 

TYPESC3 

SMELSC4 

SMELSC6 

SMELSC8 

BI01 

BI02 - 

CHEM1 

CHEH2 

PHY1 

PHY2 

1YNDALG 



VARIABLES. NOT IN .THE EQUATION 
BETA IN 



X07639 
0.06153 
-0.01476 
-0.03552 
0.03552 
-0.05082 
0.13135 
-0.12590 
-0.04715 
-0.04713 
0.11684, 
0.11664 
0.01992 
0.01992 
0.12290 



PARTIAL 


TOLERANCE 




0.08907 


0.61690 


0.44b 


0.07493 


0.893*4 


0.311 


-0.01151 


0.3660* 


0.007 


-0.04564 


0.99424 


0.116 


0.04564 


0.99424 


0.115 


-0.06350 ' 


0.94043 


0.223 


0.15702 


0 .116066 


* ,1.390 


-0.15862 


0.95614 


' 1.419 


-0.05887 


0.94003 


0,191 


-0.05687 


0.94003 ■ 


* 0.191 


0# 13634 


0.82015 


1.042 


0. 13634 


0.62015 


1.042 


0.02327 


0,62228 


* 0.030 


0.02327 


0.82228 


• .. 0.030 


0.11566 


0.53530 


0.746 




■ .i 


♦ 



VARIABLE 

CATMATH 
SHELSC2 
CATLANG 



MULTIPLE I 

0.55825 
0.61105 

y 57 



SUMMARY TABLE 
\ SQUARE 



0.31164 
0.37338 
0.39762 



RSQ CHANGE SIMPLE R 



0.31164 
0.06174 
6.02424 



, 0.558i5 
0.27373 
0.50294 
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Milvaukie High School 

Table 57 presents the results of the multiple regression 
analysis of Sample Two Milwaukie High School SPCT scores. The 

• • a, 

regression equation contained two predictor variables that together 
accounted for 49 .4.7 percent c£ the variance. The F-value for the 
equation was 42:07 with 2 and 87 degrees of freedom, which was 
significant at p < ,001/ 

The most important predictor variable was" mathematics achieve- 
ment, which accounted for 46,16 perc^bt of the variance. The other 

predictor variable in the equation was six semesters of elective 

♦ * 
science, which accounted for 3\01 percent of the variance. 

Removal of the most important predictor variable, mathematics 

achievement, from the list of independerit variables and repetition 

of the multiple regression analysis produced the results found in 

table 58. The ne& regression equation contained three predictor 

variables that collectively accounted for 44.37 percent of the 

variance. The F-value for the equation 'was 22.86 with 3 and &6 

Agrees of freedom, which was significant at p <.001. 

* The most important predictor variable was reading achievement, 

r 0 

which accounted for 37,16 percent of the variance. The other two 
predictor variables were mathematics beyond algebra and language 
achievement, which accounted, for 4.Q5 and 3.16 percent of the 
Variance, respectively. 
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•table ii • • ' . ; 

Sample Two Milwaukie High Scliool Multiple Regression 
of 22 Variables' on SPCT Scores ** ; 



ANALYSIS OF VARIANCE OF 
REGRESSION * 2. 

RESIDUAL * ST. 



SUM OF SQUARES 
" 566.24916 
5 $7. 53973 



MEAN SQUARE 
284.12458 
6.75333 



42.07177 



VARIABLE 



VARM&kES IN THE EQUATION 

6 BETA STO ERROR B 



CAT MATH 0. 2694006 0 .64434 0.0326 1 

SMELSC6 > 3.077&90 , " 0.17695 - 1.35610 
I CONSTANT) -3.193173 - • 



68.266 
5.149 



VARIABLE 

CA TREAD 
CATLANG 
SEX 
AGE 

ELECSCI 

TYPESC1 

TVPESC2 

TVPESC3 

TVPSSC4 

SMELSC1 

SKELSC2 

SHELSC* 

SMELSC7 

6101 

BI02 

CHEM1 

CMEM2 

PflVl 

*HV2 

•YNDALC 



VARICES NOT IN THE EQUATION 

IEIa in partia 



0.17596 
0.17662 
v 0.02656- 
-0.02453 
0.10724* 
-0.03353 
-0.07735 

0.05660 % 
. 0.13076, 
-0.06391 
0.07633 
0.03667 

0.11639 
0.05462 
0.01232 
0.05676 
0.05676 
0.09651 
0.09651 
0.13917 



0.15663 
0.17066 
0.03677 

-0.03361 
0.13*02 

-0.04523 

-0.10775 
0.07666. 
0.16136 

-0.08663^ 
0.10293 
0.05065 

0.16564 
0.06203 
0.01450 
0.07014 
0.07014 
0.12964 
0.12964 
0.14526 



TOLERANCE 


F 


0.41410 


2.226 


0.47475 


2.567 


0.97337 


0.116 


0.95420 


• 0.097 


0.65431 


1.695 


0.92465 


0.176 


0.98o4d 


1.010 


0.93059 


0.511 


0i9776b 


2.925 


' 0.9dld9 


0.664 


0.92442 


0.921 


0.97735 


0.223 


~» 0.99751 


2.*32 


' 0.65067 


0.^332 


• 6.70329 


0.016 


0.77551 


0.^425 


i 0.77551 


0.425 


0.91736 


1.470 


i 0.91736 


1.470 


0.55394 


1.S54 



VARIABLE 

CATMATH 
SMELSC6 



SUMMARY TABLE 
MULTIPLE R R SQUARE RSQ CHANGE 



0.67939 
0.70116 



0.46 i37 
. 0.49165 



0^6157 
0.03008 



SIMPLE R 

0.67939 
0.30459 



i 



• 193 



TABLE 58 



Sample Two Milwaukie.High School Multiple Regression of 
21 Variables on SPCT Scores with 
Mathematics Achievement Removed 



MULTIPLE* ft 0.66609 

ft SQUARE 0.44368 

AOJUSTED ft SQUARE 0.42427 

STANDARD ERROR 2.73435 



ANALYSIS OF VARIANCE OF 
REGRESSION *• 
RESIOUAL ; 



SUH OF SQUARES 
512.79634 
642.99255 



HE AN SQUARE 
170.93211* 
7.476*6 



22.06210 



VARIABLE 



VARIABLES IN THE EQUATION 

6 ' v SETA STD, ERROR B 



♦CATREAD 0. 93916540-01 0*20787 0.06748 

BYNDALG 1.917902 0.26753 0.74516 

CATLANG 0.1221015 0.29268 0.05522 

(CONSTANT) -1.119376 



1.937 
i.625 
4.889 



VARIABLE 


BETA IN 


SEX 


0.00173 


AGE 


0*02379 


ELECSCI 


0.09692 


TVPESC1 


0.00623 


, TYPESC2 


-0. 09367 


TVP5SC3 


0.04126 


TVPESC4 


0.08595 


SNELSC1 


/-0.04119 


SHELSC2 


* 0.04581 


SHELSC4 


rO. 01487 


SHELSC6 


0.12693 


SHELSC7 


0.05561 


8101 


0.02215 


BI02 


0.00274 


CHEK1 


0.06765 


CHEM2 


0.06765 


PHY1 


0.12894 


PHY2 


0.12094 



VARIABL 
m 

CATREAD 
•YNOALG 
CATLANG 



VARIABLES NOT IN THE EQUATION — 
PARTIAL TOLERANCE 



0.00223 


0.92331 


0.000 


0.03027 


0.90073 


0*078 


0.12148 


0.d3907 


1.273 


0.00826 


0.98406 


0.006 


-0.12185 


0.9% 147 


1.281 


0.05427 


0.96231 


0.251 


0.11238 


0.95097 


1.087 


-0.05404 


0.95774 


0.249 


0.05966 


0.94367 


0.3,04 


-O.01949 


0.95*83 


0.032 


0.16046 


0.88902 


2.246 


0.07294 % 


0.95706 


"0.455 


0.02774 * 


0.87226 


0.065 


0.00355 


0.93179 


0.001 


0.07880 ' 


0.75471 s 


0.531 


0.07880 


0.7*471 


0.531 


, 0.16434 


0.90372 


2.359 


0.16434 


0.90372 


2.359 


SUMMARY TABLE 







MULTIPLE R 

0^60958 
0.64191 
0.66609 



RSQ CHANGE SIMPLE R 



0.37158 
0.41205 
0.44368 



0.37150 
0.04047 
0.03163 



0.60958 
0.54156 
0.58795 



Rex Putnam High School 

Table 59 presents the results of »the multiple regression 

• / 

analysis of _ the Sample Twd Rex Putnam High School SPCT scare's/* The ■ 

regression equation contains four predictor variables that co^ec- 

» . ♦ 

tively accounted for 70,43 percent of the* variance, The E-value 

for the equation was 32.15 with 4 and 54 degrees of freedom, which 

was significant at p < .001. . * 

The most' important predictor variable wa^ reading achievement, 
'which accounted "for 52.00 percent of the . variance. The other - 
predictor variables, in decreasing order of importance, wer£ 
chemistry, ^»x t and Mathematics achievement. Males I\ad significantly 
higher scores than females. " t * 

Removal of the most important predictor variable 0 , reading 
achievement, from the list of independent variables and repetition 
of the multiple regression analysis produced the result's found in 
table 60. The new regression equation contained/six variables that 
j^Llectively accounted for 72; 89 percent of the variance. The 
F-value for the v equation was 23.31 with 6 and 52 degrees of freedom, 
which was significant , at p < .001. » • « / 

The most important predictor variable was. mathematics achieve- 
ment, which Recounted for A2.4S percent of the variance. The other 

* . • * * 

predictor variables, in decreasing o?der of importance, were 

language achievement, sex*, chemistry, one semester of physics, and 
one semester of chemistry* 
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' The unusually large percentage of SPCT variance accounted for 

by each of these regression equations is worthy of comment. It is * 
» 

reasonable to infer that studefit scpres were reflecting levels of 
science process sktlj knowledge commensurate with their achievement 
level in reading an<J mathematics* The science instruction, bptft* at 
tjie required and elective level, at 'Rex PutnamTHigh 'School had 
effectively provided *the opportunity for this learning to occur. 



TABLE 59 ■ 

Sample Two Re* Putnam High School Multiple Regression 
of 23 Variables on SPCT Scores ' % 



MULTIPLE ft 0.13921 

R SQUARE 0.70428 

ADJUSTED R SQUARE 0.63237- 

STANDARD ^UROR ~V~ 2.59500 



ANALYSIS OF VARIANCE 
REGRESSION 
RESIDUAL ^ * 

r " * 



VARIABLE 

CATREAD 

CHEH2 

SEX 

CATHATH 



OF SUN OF SQUARES 
4. •66.02366 
54. 363.63716 



mean Square 

216.50597 
6.73402 



VARIABLES IN THE EQUATION 



0.2277007 

2 .48972 ^ 

2.319960 
0.8759192D-01 



•ETA 

CU47935 
0.26112 
0.25111 
0.20926 



STD ERROR 5 

0.04377 
0.84378 
0.68649 
0.04236 



32.15107 



27.060 
8.707 

11.421 
4.276 



(CONSTANT) -£.441268 



VARIABLES NOT IN THE EQUATION 



VARIABLE 



\ 



CAT LANS L 
AGE \ 
ELECSCK \ 
TVPES0) 
TYPESC4 * 
'SHELSC1 ' 
SMELSC2 
SMELSC3 
SMELSC4 
SNELSC5 
SHELSC6 

SMELSC8 

•101 / 

•102 f 

CHEM1 \ 

phyi 

PHY2 

ADVCHEH1 
•YNDALG 



VARIABLE 

CATREAD 

CHEH2 

( CATHATH 



•ETA IN 

0.21014 
-0*01092 
0.02979 
0.04650 
-0,04650 
-0.07045 
0.04022 
0.03937 
-0.05377 
-0.05670 
0.03971 
^0.08324 
-0*04384 
-0*02059 
-0.?9355 
s 0#11273 
0.10635 
O.0252O 
0.04014 



PARTIAL. TOtfcRANCE 



< 0.23016^- 
-0.01919 

0.03589 

0.08345 
-0.08345 
•0.12725 

0.07312 
. 0.06865 
-0.08282 
-0.09448^ 

0.06891 

0.14797 
-0.07363 
-0.03376 
-0.14142 

0.16697 

0.16191 

0.04056 
} 0.04726 
^SUNNARY TABLE 



-0.35474 
0.91321 
0.42926 
0.95237 
0.95237 
0. 96470 
0.97724 
0.89911 
0.70152 
0.82111 
0.49057 

0.9343B 
Q. 83*33 
0.79530 
0.0606* 
0.64*72 
0.6*544 
0.76607 
0.41000 



2.965 
0.020 
0.068 
0.372 
0.372 
0.872 
0.285 
0.251 
0.36o 
0.477 
0.253 
1.186 
0.289 
0.060 
1.082 
1.520 
1.427 
0.0*7 
0.119 



MULTIPLE R 

0»?21U 
_ 6.78366 
0.82514 
0.83921 



R SQUARE' RSQ CHANGE SIMPLE R 



0.5gOOO 
0.61412 
0.68016 
0.70428 



0.52Q00 
0.09412 
0.06674 
0.02342 



0.72111 
0.56066 
£.30218 
0.65150 



TABLE 60 



Sample Two Rex Putnam High School Multiple Regression 
of 22 Variables on SPCT Scores with 
CAT Reading Achievement Removed 



ANALYSIS 0F VARIANCE i>F 
REGRESSION * 6* 
RESIDUAL 52. 



SUM OF SQUARES 
•96.34966 
333.31136 



MEAN SQUARE 
149.39161 
6.40933 



23.30663 



VARIABLES IN THE EQUA1I ON 



VARIABLE 

CATMATH 

CATLANG 

SEX' 

CHEM2 

PMYl 

CHEML 

(CONSTANT) 



'0 

O.J1515920-01 
0.25*1764 ' 
2.877795 
7.320739 
2.519936 
-5.465531 
-6.064067 



•ETA 

0.17066 
0.46*76 
0.31149 
0.76778 
0.24035 
-0.&105 



STO ERROR 6 

0.04266 
0.04767 

0. 67904 
' 2.68686 

1. bodos 

, .2.75666 



2.806 
29.331 
17.961 
7.413 
6.249 
3.954 



VARIABILES NOT IN THE EQUATION 



VARIABLE 
ACE 

ELECSCI 
TVPESC3 
TVPESC4 
SNELSC1 
SMELSC2. 
SM£L*t3 
SMELSC4 
SHELSC5 
SMELSC6 * 
JSMELSC6 
§101 
•102 
PHY2 
A0VCHEM1 
iYNOALG 



VARIABLE 

CATMATH 

CATLAN& 

SEX 

CHEM2 

PHY1 

CHEM1 



BETA JN* 

0.00668 
-0.05645 

0.09636 
-0.09636 
-0.09442 

0.04472 

0.04438 
-0.03617 
-0.13419 
-0.01063 

0*10756 
-0.04465 
-0.01229 
-0.06117 

0.03768 

0.02262 



PARTIAL TOLERANCE 



0 
-0. 

0. 
-0. 
-0« 

0« 

0, 
-0« 
-0< 
-0 

0 
-0 
-0 
-0 

0 

0 



,0119V 
,06690 
,18264 
►16264 
►17803 
,07661 
,0798b 
►0546* 
•21093 
•01827 
•19846 
•07831 
•02116 
►05853 
►06275 
•02728 



0*87305 
0.35515 
0.97602 
0.97602 
0.9*35* 
0.64174 
0.87793 
0.61853 

0.O6969 

0.60093 

0.92300 
0.83369 
0.80*45 
0.24«l£ 
0.76184 
0.38731 



SUMMARY TA8LF 



0.65150 
0.73676 
0.76862 
0.82976 
0^64162 
0.85376 



0.42445 
0.54261 
0.6219^ 
0.68650 
0.70633 
0.72894 



0.42445 
6.11*36 
0.07912 
0.0665tf 
0.01982 
0.02061 



0.007 
0.229 
1.764 
1.764 
1.669 
0.319 
9*346 
0.153 
2.375 
0.017 

2.091 
0.315 
0.023 
O.l?* 
0.202 
0.033 



MULTIPLE* R R SQUARE RSQ CHANGE SIMPLE R 



0.65150 
0.62647 
0.30216 
0.56066 
0.47690 
0.53769 
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Summary 

The multiple regression analysis of Sample Two data by 
schools again revealed a strong relationship between academic 
achievement and SPCT scores. This relationship was especially 
strong for reading and mathematics achievement. At Clackamas and 
Milwaukie High Schools, having completed two or six semesters of 
elective science was a consistent predictor variable. At Rex Putnam 
High School, specific elective ^courses entered the equations as 
stronger predictors than paving "elected science" or "elected a 
certain number of semesters of science." Chemistry was the most 
important elective course, followed by physics. 

Sex was only a predictor variable at Rex Putnam High School^ 
Sex was reasonably strong, accounting for approximately seven 
percent of the variance, and favored males. 

No first-level science course entered ^ny of the regression 
equations. At Rex Putnam, however, this would be expected since 
all students complete the same first-level course. Of particular 
interest is the absence of biology as a predictor variable either 
in the rol6 of a first-level course or elective science course. 
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SPCT Differences Between Schools 
Possible significant \adjusted SPCT score differences between 
schools were assessed by the use of the analysis of covariance 

(ANCOVA) procedure. Table 61 presents the results of the ANGOVA 

1 - # ■ - : - *- - - 

of SPCT scores by soliool with mathematics achievement, reading 

S ' \ 

achievement, language achievement, sex, and age as covariates. 
The grand mean for Sample Two students was-12.il. The adjusted 
school means were 12.00 for Clackamas, 11.37 for Milwaukie, and 13.33 
for Rex Putnam. Significant differences were Indicated at p < .001. 

Tables 62 through 64 present the results of the ANCOVA of the 
SPCT scores for all possible pairings of the three schools. Rex 
Putnam students 1 SPCT scores were found to be significantly higher 
than those of both Clackamas studenfs (p«.004) and Milwaukie students 
(p <.00l). .< # • 

The findings indicate t;hat the science program composed* of a 
first-level Unified Science course and elective courses at Rex ; 

Putnam High School produced students with significantly higher 

* 

adjusted SPCT scores than the science programs at Clackamas and 
Milwaukie High Schools. 
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TABLE 61 

Total Sample Two ANCOVA of SPCT Scores by School "with 
Mathematics .'Achievement, Reading Achievement, 
Language Achievement, Sex, and Age ^ 
as Covaiiates 





SUM OF 




MEAN 




S1GNIF 


SOURCE: OF VARIATION SQUARES 


DF 


SQUARE 


F 


OF F 


covariates 


1638.287 


5 


»27.657 


45.930 


o.ooov 


CATMATH 


285.480 


1 


285.480 


40.018 


0.000 


CATREAD 


95 .475 


1 


95.475 


13.383 


0.000 


CATLANb 


9.151 


1 


9.151 


; 1 .'263 


0.259 


SEX 


37.791 


1 


37.791 


. 5.297 


0. 022 


Alit 


12.864 


1 


12.864 


1.803 


0.181 


MAIN EFFECTS 


123.133 


2 


61.567 


8.630 


0.000 


ID 


123.133 


2 


^1.567 


8.630 


0.000 


EXPLAINED 


1761.420 


7 


251.631 


35.273 


0.000 


RESIDUAL 


1441 .0T7 


202 


7.134 


*• 




TOTAL 


3202 .454 


209 


15.323 







GRAND MEAN = 12.11 

VARIABLE ♦ CATEGORY 
10 , 

1 CLACKAMAS 

2 MILWAUK1E 

3 PUTNAM * . 



N 



60 
90 
60 



UNADJUSTED 
DEV'N ETA 



0.32 
-0.92 
1.06 



ADJUSTED FOR 
-INDEPENDENTS 
♦ COVARIATES 
OEV'N BETA 



-q.n 

*-0.74 
1.22 



0.22 



0.21 



MULTIPLE R SQUARED 
MULTIPLE R 



0.550 
0.742 
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TABLE 62 



Sample Two ANCOVA on SPCT Scores by Clackamas and Rex Putnam 
High Schools with Mathematics Achievement, Reading 
Achievement, Language Achievement, Sex, 

and Age as Covaciates 





SUM OF 




MEAN 


SIGN1F 


SOURCE OH VARIATION 


SQUARES 


OF 


SQUARE 


r 


MP F 

ur r 


COVARIATES 


1036.796 


5 


207.359 


28.785 


0.000 


CATMATH 


152.551 


1 


152.551 


21.177 


0.000 


CAT REAP 


87.884 


1 


87.884 


12.200 


0.001 


CATLANG 


3.820 


1 


3.820 


0.530 


0.468 


SEX 


55.080 


1 


,55.080 


7.646 


0.007 ' 


AGE < 


1.485 


1 


1.485 


0.206 


0.651 


MAIN EFFECTS 
ID 


62.374 
62.374 


1 
1 


62.374 
62.374 


8.659/ 


0.004 
0.004 


EXPLAINED 


1099.170 


6 


183.195 


25.431 


0.000 


RESIDUAL 


814.020 


113 


7.204 






TOTAL 


1913 .1 90 


119 


16.077 







GRAND MEAN 



12.80 



VARIABLE^ ♦ CATEGORY 
ID 

1 CLACKAMAS 
3 PUTNAM 



-N 



60 
60 



UNADJUSTED 
DEV'N ETA 



-0.37 
0.37 



0.09 



ADJUSTED FOR 
INDEPENDENTS 
♦ COVARIATES 
DEV'N 8ETA 



-0.78 
0.78 



0.20 



MULTIPLE R SQUARED 
MULTIPLE R 



0.575 
0.758 



t 
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'TABLE 63 

Sample Two ANCOVA on SPCT Scores by Milwaukie snd Rex Putnam 
High Schools with Mathematics Achievement, heading 
Achievement, Language Achievement, Sex, 

and, Age as Covariates * * 





SUM CF 




MEAN 




SIGNIF 


SOURCE OF VARIATION 


SQUARES 


DF 


SQUARE 


F 


OF ,F 


COVARIATES 


1391.750 


5 


278.350 


37-713 


0.000 


CATMATH 


263. 93C 


1 


263.930 


35.759 


0.000 


» CAT READ 


,63.421 


1 


65.421 


8.364 


0.003 


CATLANG 


8.244 


1 


8.244 


1.117 


"0-292 


SEX 


32.119 


1 


32.119 


4-352 


u.039 


AGE 


14.373 


1 


14,373 


1.947 


0.165 


MAIN EFFECTS 


117.717' 


1 


117.717 


15.949 


0.000 


ID 


117-716 


1 


117.716 


15-949 


0.000 


EXPLAINED 


1509.46c 


6 


251.578 


34.085 


0.000 


RESIDUAL 


1C55.457 


143 


7.331 






0 

TOTAL . 


2564.923 


149 


17.214 







GRAND MEAN = 11.98 

VARIABLE ♦ CATEGORY 
ID 

2 MILWAUKIE 

3 PUTNAM- 



MULTIPLE R SQUARED 
MULTIPLE R ' 



90 
60 



UNADJUSTED 
DEV'N ETA 



r C. 79 
1.19 



0.23 



ADJJSTED FOR 
INDEPENDENTS 
* COVARIATES 
DEV'N BETA 



■0-78 
1.17 



0-23 

s 

0.589 
0.767 



f 



203 



TABLE 64 

Sample Two ANCOVA on SPCT Scores by Clackamas and Milwaukie 
High Schools with Mathematics Achievement, Reading 
Achievement,, Language Achievement, Setf, 

and Age as Covariates 





SUM OF 




MEAN 




SIGN IF 


SOURCE OF VARIATION SQUARES 


DF 


SQUARE 


F 


OF F 


COVARIATES 


850.582 


5 


170.116 


25.029 


0.000 


CATMATH 


113.944 


1 


113.944 


16.764 


0.000 


CATREAD 


37.9*6 


1 


37.926 


5.580 


0.020 


CAT LANG 


10.896 


1 


10.890 


1.602 


0.208 


SEX 


8.636! 


1 


8.636 


1.271 


0.262 


• AGE 


4.063. 


1 

< 


4.063 


0.598 


0.441 


MAIN EFFECTS 


17.724 


1 


17.724 


2.608 


0.109 


ID 


V 17.724 


1 


17.724 


2.608 


0.109 


EXPLAINED 


868.306 


6 


* * 

144.718 


21.292 


0.000 


RESIDUAL 


971.951 


143 


6.797 






TOTAL 


1840.257 149 


12.351 







GRAND MEAN = 11.69 



VARIABLE ♦CATEGORY N 



UNADJUSTED 
DEV'N ETA 



ADJUSTED FOR 
INDEPENDENTS 
♦ COVARIATES 
DEV'N BETA 



ID 



1 CLACKAMAS 

2 MILWAUKIE 



60 
90 



0.75 
-0.50 



0.17 



0;45 
•0.30 



0.10 



MULTIPLE R SQUARED 
MULTIPLE R 



0.472 
0.687 
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Analysis of SPCT Scores for Students 
Electing No Science 

Total sample C 

Table 65 presents the results of an ANCOVA of Sample Two 

student SPCT scores for those students who elected no science after 

the required year. The ANCOVA was for SPCT scores by year with 

mathematics achievement, reading achievement, language achievement, 

sex, .and age as covariates. The unadjusted meah of the SPCT 

scores for 'the 121 students who had not elected any science was 

J 

10. 66. The unadjusted means for each of the grade levels were 
10.83 for the 10th grade, 10.55 for the 11th grade, and 10.72 for 
*the 12th .grade* The differences between the unadjusted m4ans were 
rtot significant at p£ .05. The adjusted means for each grade level 
were 10,52 for the 10th grade (N«24) f 10.57 for the 11th grade 
(N«54), and 10.85 for the 12th grade (N*43). The differences between 
the adjusted means were not significant at p S .05. 

Clackamas High School 

. m t 

Table 66 .presents* the results of an. ANCOVA of the Sample Two 

Clackamas High School student SPCT scores by year with mathematics 

achievement, reading achievement^ language achievement, sex, anl^ ^ 

age as covariates. The unadjusted mean for the 33 Claqkamas students- 

not electing any science after the required year was 11.33. The 
• * » 

f x » J 

unadjusted means for each grade level were 11.16 for the llth grade 

and 11.57 for the 12th grade. The difference between the unadjusted 

means was not significant at p 1,05. The adjusted means for each 
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grade leyel were 11.68 for the 11th grade (N«19) 4 and 10.85 for the 
12th grade (N»14). The difference between the adjusted means was 
not significant at p < .05. 

Milwaukie -High School / 

Teble 67 presents the results of an ANCOVA of the Sample Two 
Milwaukie High School student SPOT scores by year with mathematics 
achievement, reading achievement, language achievement, sex, and age 
as covariates. The unadjusted mean for the 58 Milwaukie students 
not electing any science after the required year was 10.29. The 
unadjusted means for each grade level were 10.83 for the 10th ^rade, 
9.90' for the 11th grade, and 10,00 for the 12th grade. The 
differences between the unadjusted means were not significant at 
p i.05. The adjusted means for each of the grade levels were 9.99 
for the 10th; grade 0-23), 10.12 for the 11th grade (N«20) , and 
10.97 for the 12th grade (N«15) . The differences between adjusted 
means were not significant at p £ .05^ 

Rex Putnam High School 1 

Table 68 presents the results of an ANCOVA of the Sample Two 
Rex Putnam High School student SPCT scores by year with mathematics 
achievement, reading achievement, language achievement, sex, and age 
as covariates. The unadjusted mean for the 30 |Rex Putnam students 
not electing Any science after the required year was 1Q.63. The 
unadjusted means fbr each, grade level were 10*63 for the 11th grade ^ 
and 10.64 for the 12th grade. The difference between the unadjusted 

i 
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> 

means was not significant at p £ .05. The adjusted means for each 
•grade level were 10.56 for the 11th grade (N*16) and 10.55 for the 
12th grade (N«14). The difference between the adjusted means was 

not significant at p :£ .05. 

» 

Summary 

No significant differences at p < .05 were found between 
either the, unadjusted or adjusted SPCT scores of students at 
different grade levels who had elected no science after their 
required year. This was found to be the case for the total sample 
as well as within each of the three schools. 

■ ■ ( 
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TABLE 65 w 

Sample Two Students Not Electing Science ANCOVA by Year 
with Mathematics Achievement, Reading Achievement, 
Language Achievement , Sex, and Age as Covariiqies 
J 



jUUixvC KJm VMM M I iuli 


. SUM CF 

OMAR CC 


OF 


MEAN 
SQUARE 


F 


SIGN IF 
OF F 


COVAJUATES 

CAT HATH \ 

CATREAD 

CATLANG 

AGE 

SEX 


447.451 
57.534 
10.237 
34.63.5 
2.902 
19.329 


5 

* 1 

- 1 
1 
1 
1 


89.490 
P7..53* 
10.237 
34.635 
"2.902 
19.329 

i 

,0.431 
0.431 


11.054 
7.107 
1.265 

• 4.278 
0.3!>8 
2.338, 

0.053 
0.053 


O.OOC 
0.009 
0.263 
0.041 
0.551 
0.125 


MAIN ' EFFECTS 
YEAR - 


0.862 
0. 862 


. .2- 
'• 2 


0.948 
0.948 


EXPLAINED ' 


448.314 


7 


64.045 


7.911 


0.000 


RESIDUAL \ 


914.781 


113 


3.3V5 






TOTAL 


1363.095 


1 ""120 | 


11.359 







GRAND MEAN = 



10.66 



VARIABLE + CATEGORY 



UNADJUSTED 
DEV'N ETA 



ADJUSTED FCR 
INDEPENDENTS 
♦ CCVARIATES 
0EV*N BET J 



YEAR 



0 GRADE 10 

1 GRADE 11 

2 GRACE ' 12 



24 
54 
43 



0.30 
-Q.18 
0.C6 



0.05 



-0.14 
•0.C9 
0.19 



0.04 



MULTIPLE R S0UARED 
MULTIPLE R 



0.329 
0.573 
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TABLE 66 

Sample Two Clackamas ,High School Students Not Electing Science 
ANCOVA by' Year with Mathematics Achievement, Reading 
Achievement, Language* Achievement , Sex, and Age' 
as Covariates 



COVARIATES 
. CATMATH 

CATREAD 

CATLANG 

AGE 

SEX 

MAIN EFFECTS 
YEAR 

EXPLAINED 

RESIDUAL 

TOTAL 



SUM OF 




MEAN 




SIGN IF 


SQUARES 


OF 


SQUARE 


F 

* 


OF F 


47.892 


5 


9.578 


1.210 


0.33ft? 


11.932 


1 


11.932 


1.507 


0.231 


5.600 


1 


5.60C 


0.707 


.0.408 


10.057 " 


1 


10.057 


1/270 


0.270 


15.677 


1 


15.677 


1.960 


0.171 


5. 443 


1 


5.443 


C.687 


0.415 


1-598 


1 


1.598 


0.202 


0.657 


.1.598 


I. 


\ 1.558-. 


0-202 


0i657 


49.490 


6 


*. 8.248 


1..042 


0..422 


205.843 


26 


. 7.917 . 






255.333 


32 


7.97.9 







GRAND MEAN = 11.33 

VARIABLE + CATEGORY 
YEAR 

1 GRADE 11 

2 GRADE 12 

multiple r Wared 
multiple r 



14 



UNADJUSTED 
DEV'N ETA 



-0.18 
0.24 



0.07 



ADJUSTED, FCR 
INDEPENDENTS 
♦ COVARIATES 
DEV'N BETA 



0.35 
■0.48 



0.15 

0.194 
0.440 



'231 



\ 

\ 



v 
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• TABLE 67 



Sample Two Milwaukie High School Students Not Electing Science \ ^ / 
ANCOVA of SPCT Scores by Ye|£ with Mathematics" Achievement, / '. * 

Reading Achievement, Language Achievement., .Sex, and Age , 

* &,s Covaria'tes . - / ••_ ' . 



y. 



~ SUM UPr? MEAN 
SOURCE OF VARIATION SQUARES OF.. SQUARE 



..... *• -^A 



COVARIATES ' 
CATMATH 
CAT READ 
CAT LANG ? 

AGE ■'. 
* . SEX- . •' « .• 

main .effects 

year.;: • 

explained , 
residual/;- 

TtfTAU 



300.892 5 ' .v60.l7.8 7 * !fc07 > O.OOO 
92.69* i 92.69& U>t02. OiQO.2 ; 
Qa'98 V. 0.19"8 .6*024 .0**78 . . 
&955 ..;/'• i ^955 i^072; O^aOS, v ... 
. Q,554--v ; -i • .:*0.5$4v 0»066t0.798 .:• r . i.-** 3 ©""* 
, a 3 .0 0.ft- si 1 • *> 3 .0$B • : 0 .360- 0#*5 1 



3&22 /2 : ' 

3 .6 2i. 2 

t .s304«Sf*<S*' pff 

' .;4t?i4'99>r^0',. 
-722.0i2 v; 57- 



'fclsii ' ' 0.2*7 y ' o,8o,6 

43 5^210 P- 000 



■V- 



12.667 



V 



» ■ _ ».» 



.» 



GRAND MEAN = • 10.29 



VARIABLE »; JCATEG^Y 



N" 



YEAR " .. 4,, 

♦A*. • 

• 2. 



MULTIPLE R' SQUARED' 



* 23 

;2o.v 



• ' * adjust6p ; tor ;: • 

- .: INDEPENDENTS 
UNADJUSTED ♦ CflWARlAtES' ; 
DSV>N " ETfA DEV*N-' ,8 ETA 



K).3;9 

-0.29 



6.12 



-o.3o r * •>'-.•?-• 

■0.68 ••« } ■ ■/• 
• - Oil2 



0.422 
,0w649 



A • 
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TABEE 68 



Sample Two Rex Putnam High School Students Not Electing Science 
v ANCOVA of *S£CT Scores 1>y Year with Mathematics Achievement, 
Reading Achievement, Language Achievement, Sex, and Age 
* as Covariates 



SUM OF 

SOURCE OF VARIATION SQUARES 



COVARIATES 
» CATMAtH 
/ CATREAQ * 
- CATLANG 
: AGE 
SEX 

MAIN EFFECTS 
YEAR 

EXPLAINED 

RESIDUAL 



TOTAL 



221.683 
,O.OC0 

la.^oa 1 

9.422 
0.45i 
4V,97& 

4.318 
4. 31d 

226. C 0-1 

13c. 965 

362.966 



OF '. 


MEAN 
SQUARE 


F 


SIGNIF 
OF F 


5 

1- 

.1 

a 
i 
i 


44.337 
C.OOO 
18.963 
^-£.422 
'0.456 
49.978 


7.122 
0.000 
3.047 
1.513 
0.073 
3.028 


0.000 
0.997 
0.095 
0.232 
0.789 
0.01C 


2 
2 


2.159 
2.159 . 


0.347 
0.347 


0.711 
0.711 




3>.2o6 


5*136 


0.C01 




6.|26 




X 


29 ' - 


-4. 2'. 516 







\ 



GRAND MEAN = 



10.63 



VARIABLE + CATEGORY 

✓ ' " \ 

YEAR ' 

0 GRADE 10 
* 1 GRSOEjU 
2 .GRADP 12 



MULTIPLE ft SGUAREO 
MULTIPLE R 



1 
15 
14 



UNADJUSTEO 
DEVJN ETA 



3.37 
-0.23 
0.01 

r 0.18 



ADJUSTED FCR 
I NDE P E N DHNTY 
•#■ COVARIATES. 
DEV* N BET* 



2.19 
■0.U7 
-0.08 



0.12 

6.623 
0.789 



( 
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\ Analysis of SPCT Scores for 

Students Electing Science 

Total Sample 

Table 69 presents the results of an ANCOVA of the total • 
Sample Two student SPCT scores for those students who elected science 
after the required year. The ANCOVA was for the SPCT scores by year 
with mathematics achievement, reading achievement, language achieve- 
ment, sex, and age as cov'ariates. The unadjusted mean of the SPCT 
scores for the 89 stucl^nts electing science* was 14,08. The 
unadjusted means for each grade level were 13.29 for the 10th grade, 
13.89 for the. 11th grade, and 14.34 for the 12th grade. The 
differences between the Unadjusted means were not- significant at 
p i.05.* The adjusted means for each grade level were 12.87 for 
the 10th gra<Je (N«7), 14.07 for the 11th grade (N«35), and 14.27 for 
the 12th grade (N"47). The differences between the adjusted means 
were not significant at p £ .05. 



Clackamas High School 

Table 70 presents the results of an ANCOVA of the Sample Two 
Clackamas High School student SPCT scores by year with mathematics 

achievement, reading achievement, language achievement, sex, and 

\ • 

/ age 9$ covariates. The unadjusted. mean for the 27 Clackamas students 
who elected science after the required year was 13.78. The unadjusted 



means for each graAe level were 14.18 for the 11th grade and 13.50 
for the 12th grade! The difference between the unadjusted means was 
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not significant' at p < .05. The adjusted means for each grade level 
were 13.94' for the Uth grade (N«1\L) and 13.67 for the 12th grade 

' ■ y \ 

(N«16). The ^jilfietence between the adjusted means was not 
•significant at p/l£.Q5. 

Milwaukie High School- 

.Table 71 presents x?tm results of an ANCOVA of the Sample Two 
Milwaukie High School student SPCT scores by year with mathematics 
achievement," reading achievement, language achievement, sex, and age 
as covariates. The unadjusted mean for the 32 Milwaukie students 
who elected science after the required year was 12.81. The, 
unadjusted 'means for each grade level were 13.29 for the^lOth 
grade, 12.30 fpr the 11th grade, an^l2.93 for the 12th grade. The 
difference between the unadjusted means was not significant at 
p i ,05. The adjusted means for each of the grade level Vere 14.33 
for the 10th grade (N«7), 13.18 for the 11-th grade (N*10), and 11.85 
for tire 12th grade L (N*15). The differences between tire adjusted 

means were not significant at p ,05. 

• « 

Rex Putnam High School, 

Table 72 presents the results of an ANCOVA of the Sample Two 
Rex Putnam High School student SPCT scores by year with mathematics 
achievement, reading achievement, .language achievement , seat, and age 
ad covariates. The unadjusted mean \or ttfie 3Q Rex Putnaur students 
electing science after the required year was 15.70.~ The unadjusted 
means for each of the grade leyels were 14.74 for the 11th grade and 
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16.50 for the 12th grade- The difference between the unadjusted 
means was not significant at p i.t)5. The adjusted means for each 
of the grade levels were 14.71 for the 11th grade (N"14) and J^56 
for the 12th grade (N*16r). The difference between the adjusted^ 
means was not significant at p !£ #05. * \ j*' 



Summary , y' 

No significant differences at p 5 t 05were> found b^ween either 

/ 

the unadjusted or adjusted SPCT scores of Sample Two/ students at 
different grade levels who had elected^ science af€er their required 
"year. This was found to be t^e case for the^ptal sample as well as 
within each of the three schopls. / 



/ 
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TABLE 69 

Sample Two Students Electing Science ANCOVA by Yea* with 
Mathematics Achievement, Reading Achievement, Language 
j Achievement, Sex, and Age. as Covariates 



/ 


SUM OF 




MEAN 




SICNIF 








SQUARE 


F 


OF F 


COVARIATES 


713.340 


■ 5 


142.668 


22.126 


0.000 


CATMATH 


162.301 


1 


162.301 


25.171 


0*.000 


CATREAD 


85.861 


1 


65.861 


13.316 


0.000 


CATLANG 


3.544 


1 


3.544 


0.550 


0.461 


AGE 


3.812 


, 1 


3.812 


0.591 


0.444 


SEX 


11.777 


1 


11.777 


1.827 


0.180 


MAIN EFFECTS 


4.818 


2 


2.409 


0.374 


0.689 


YEAR 


4.819 


2 


2.409 


0.374 


0.689 


EXPLAINED 


718.158 


7 


.102.594 


15.911 


0.000 


RESIDUAL 


522.284 


*1 


6.448 






TOTAL 


1240.442 


88 


14.096 







GRAND MEAN 



14.08 



VARIABLE ♦ CATEGORY 
.YEAR 

0 GRADE 10 

1 GRADE 11 

2 GRADE 12 

MULTIPLE R SQUARED 
^4UlTIPLE R 



N 



7 
35 
47 



UNADJUSTED 
DEV'N ETA 



-0.79 
0.26 

0.08 



ADJUSTED FOR 
-INDEPENDENTS- 
♦ COVARIATES 
DEV'N BETA 



-1.21 
-0.01 
0.19 



0.10 

0**7? 
0.761 
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TABLE 70 

Sample Two Clackamas High School Students iElecting Science ANCOVA 
by Year with Mathematics Achievement, Reading Achievement, 
Language Achievement, Sex, and Age as Covariates 

g = 



SOURCE OF VARIATION 


SQUARES 


DF 


MEAN 
SQUARE 


F 


SIGNIF 
OF F 


COVARIATES 
CATHATH 
CATHEAD 
CATLANG 
AGE 

^ SEX 


192.633 , 

0.448 
49.151 
1.498 
0.291 
5.737 


5 
1 
1 
1 
1 
1 


38-527 
0.448 

49.151 
1.49b 
0.291 
5.737 


8.380 
0.0.97 
10,. 691 
C.326 
0.063 
1.248 


O.CCC 
0.758 
0.004 
0.574 
0.804 
0.277 


MAIN EFFECTS 
YEAR 


0.084 
0.084 


1 
1 


0.C84 . 
0.084 


0.C18 
0.018 


0.894 
0.894 


EXPLAINEO 


192.717 


6 


32.119 


6.986 


0.000 


RESIDUAL 


91.950 


20 


< 

4.597 






TOTAL 


284.666 


26 


10.949 







GRAND MEAN = 13.78 

/ 

VARIABLE ♦ CATEGORY 
YEAR 

1 GRADE 11 

2 GRADE 12 



MULTIPLE R SQUARED 
MULTIPLE R 



11 
16 



UNADJUSTED 
DEV»N ETA 



0.40 
-0.28 



0.10 



ADJUSTED FOR 
INDEPENDENTS 
♦ COVARIATES 
0EV»N BET/ 



0.1 to 
-0.11 



0.04 

0.677 
0.823 
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TABLE 71 



Sample Two Milwaukie High School Students Electing Science ANCOVA 
by Year with Mathematics Achievement, Reading Achievement, 
Language Achievement, Sex, and Age as Covar^ttes 





SUM OF 




MEAN 


SOURCE ,0F VARIATION 


SQUARES 


OF 


SQUARE 


LUVARI ATtS 


176*378 


5 


35 .276 


CATMATH 


7.666 


1 


7.688 


CATREAD 


20.175 


1 


20.175 


CATLANG 


3.401 


1 


3.401 


AGE 


0.577 


1 


0.577 


sex 


3.140 


1 


3.140 


MAIN EFFECTS 


3.001 


2 


1.500 


YEAR 


3.001 


2 


1.500 


EXPLAINED 


179.379 


7 


25.626 


RESIDUAL 


123.496 


24 


5.146 


TOTAL ' 


302.675 


31 


9.770 



6.855 
1.494 
3.921 
0.661 
0.112 
0.610 



SIGNIF 
OF F 

0.000 
0.233 
0.059 
0.424 
0.741 
0.442 



0.292 0.750 
0.292 0.750 

4.980 0.001 



GRAND MEAN 



12.81 



VARIABLE ♦ CATEGORY 
YEAR 

0 
1 

2 



MULTIPLE R SQUARED 
MULTIPLE R. 



N 



7 
10 
15 



UNADJUSTED 
DEV'N ETA 



0.47 
-0.51 
0.12 



0.12 



APJUSTED FOR 
INDEPENDENTS 
♦ C0VAR1ATES 
DEV»N ' BETA' 



1.52 
0.37 
-0.96 



0.32 

0.592 
0.770 



2yj 
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TABLE 72 



Sample Two 'Re* Putnam High School Students Electing Science ANCOVA 
by Year with Mathematics Achievement, Reading Achievement, 
Language Achievement, Sex, and Age as Covariates 



SJM CF 

SOURCE OF VARIAT1UN SQUARES 



COVARIATES 
CATMATH 
CATREAO 
CATLANG 
AGE 

sex : 
main effects 

- YEAR 
EXPLAINED 
RESIDUAL 
TOTAL . 



MEAN 
DF SQUARE* 



358.068 


5 


71.618 


111-^34 


1 


-111.434 


* 24.523 


1 


24.523 


6.455 


1 


6.153 


4.579 


1 


4.579 


24". 4 42 


1 


24.442 


8.349- 


' 1 


8.349 


8.349 


1 


8.349 


36t.437 


6 


61.073 


153.860 


23 


6.690 


523.297 


29 


17.941 



10.?06 

16.658 
3.666 
C.965 
0.664 
3.554 

1.248 
U24S 



S1CNIF 
OF f 

o.ooc 
0.000 

D.068 
J.3'36 
0.417 
.0.068 

0.^75 
0.275 



9.130 0.000 



GRAND MEAN "•= 



15. 70 



VARIABLE + CATEGORY 
YEAR 

\ GRADE 11 . 
2 GRADE 12 



MULTIPLE R SQUARED 
MULTIPLE R 



- N 



14 
16 



ADJUSTED FCR 
INDEPENDENTS 
UNADJUSTED + COVARIATES 
DEVN ETA DEVN BET/ 



-G.91 
0.80 



-0.99 
0.86 



0.21 

I 



0.22 

0.704 
0.839 

— 
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Tota; 



Analysis of SFCT Scores Comparing Students Who Elected 
Science arid Stt/dents Who Did Not Elect Science 

| .sample 



Table 73 presents the results of an ANCOVA of the total Sample 
Two student 1 SFCT scores comparing students who elected science to 
those who did not. The ANCOVA was for the SPCT scores by electing 
science with mathematics achievement, reading achievement, language 
achievement, sex, and age as covariates. The grand unadjusted mean 
for Sample Two 'students was 12.11. The unadjusted mean for the 89 
students who had elfected science was 14.08, and the unadjusted mean 
' for the 121 students who had nbt elected science was 10.66. The 
difference between the unadjusted means was significant at p < ,001. 
The adjusted mean for the 89 students who had elected science was 
12.75, whiie^the adjusted mean for the 121 students who had not 
elected science was 11.64. The difference between the adjusted 
means S*a& significant at p^.Oil. 

Clackamas High School 

Table 74 presents the results of an ANCOVA of the Sample Two 
Clackamas High, School student SPCT scores~hy electing science with 
mathematics achievement, reading achievement, language achievement, 
sex, and age as covariates. The unadjusted mean for all Clackamas 
students was 12.43. The unadjusted mean for the 27 students electing 
science was 13.78, and the unadjusted^mean for*the ; 33 students not \ 
electing science was 11,33,' The difference, between the unadjusted 
means was significant at p <,002. The adjusted mean for the 27 
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students who had elected science was 12.93, while the adjusted mean 
for the 33 students who had not elected science was 12*02. The 
difference between the two adjusted means was not significant at 
p ±.05. 

Milwaukie High School 

Table 75 presents the results of an ANCOVA of the Sample Two '* 

Milwaukie High School student SPCT scores by electing science with 

• 'f • 

mathematics achievement , reading achievement, language achievement, 
sex, and age as covariate^. The unadjusted mean for all SarapleuTwo, 
Milwaukie students was 11.19. The unadjusted mean for the 32 < 
students who had elected science was 12.81, and the unadjusted mean 
for the 58 students whq had not elected science was 10,29. The 
difference between the unadjusted means was significant at p < •001.- 
The adjusted mean for the 32 students who had elected science was 
11.74, while the adjusted mean for the 58 students who had not 

elected science was 10.89. The difference between the adjusted, means 

I 

was nat significant at p 2* . 05 . ' 

Rex Putnam High School 

Table ,76 presents the results of an ANC0VA of ,the Sample Twq 

i 

Rex Putnam High School student SPCT scores' by electing science with 
mathematics achievement, reading achievement » language achievement, 
sex, and age as covariafces. The unadjusted mean for Qll Rex Putnam 
students in Sample Two was 13.17. The unadjusted mean for the 30 
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students who had elected science was 15*70, and the unadjusted mean 
for the 30 students who had not elected science was 10.64. The 
difference between the unadjusted means v was significant at p <*001. 
The adjusted mean for the students who had elected science was 13.94, 
while the adjusted mean for the students who had not elected science 
was 12.40. The difference between the adjusted means was not 
significant at p £ ,05. 

v 
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TABLE 73- 

, Sample Two itudents ANCOVA by Ejecting -Scienbe with Mathematics 
dement, Reading' Achievement, Language Achievement, 
Sex, and Age as Covariates 



• 


SUM OF 




MEAN 




SIGNIF 


SOURCE OF VARIATION 


SQUARES 


DF 


SQUARE 


F 


CF F 


COVARIATES 


1638.310 


' 5 


327.662 


43.921 


0.000 


•CATMATH 


285.491 


1 


285.491 


36.266 


0.000 


CATREAO 


95.477 


. 1 j 


95«.477 


12.798 


0.000 


CATLANG 


9.149 




9.149 


1.226 


0.269 


AGE 


* 12.863 




12.863 


1.724 


0.191 


SEX 

* 


37.792 ' 

* t 


1 


37.792 


5.066 


0.025 


MAIN EFFECTS 


49.706 


1 


49.706 


6.663 


0.011 


ELECSCI 


49.706 


i 


49.706 


6.663 


0.011 


EXPLAINED 


1688.015 

r s 


6 


281.1336 


37.711 

<— 


0.000 


RESIDUAL -r 


1514.444 


203 


' '7^460 






TOTAL ' 


3202.460 


209 


15.323 







GRANO MEAN « 12.11 

\ 

VARIABLE ♦ CATEGORY 



ADJUSTED FOR 
INDEPENDENTS 
' UNADJUSTED ♦ COVARIATES 
K DEV'N ETA DEV'N BETA 



ELECSCI 

0 NO ELECTIVE SCIENCE 121 

1 ELECTIVE SCIENCE 89 



-1.45 -0.47 
%4 1.97 f 0.64 
0.4B 



0.14 



MULTIPLE R SQUARED 
MULTIPLE R 



0.527 
0.726 
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TABLE 7.4 

SanJple Two Clackamas High School Students ANQOVA by Electing Science 
with Mathematics Achievement, Reading * Achievement, Language, 

Achievement, Sex, find Age as Covariates . 





SUM OF 




MEAN 




SIGNIF 


SUUKLfc On .VARIATION 


CAItADCC 


Ur 


iUUAKt 


c 




COVARIATES 


256.464 


5 


51.2*3 


7.492 


0.00Q. 


CATMATH 


21.209 


1 


21.209 


3-098 


0.1)84 


CATREAD 


28.457 


I 


28.457 


4.156 


0.046 


CATLANG 


2.754 


. 1 


2.754 


0.402 


0.529 


AGE ' 


0.761 


1 


0.761 ' 


0.111 


0.740 


SEX ; 


8.626 


1 


8.626 


1-260 


C.267 


MAIN EFFECTS 


9.394 


1 


9-394 


1-372 


0.247 


ELECSCI 


9.394 


1 


9.394 


i-372 


0.247 


EXPLAINED 


265.357- 


6 


44.310 


6.472 


0.000 


RESIDUAL 


362. 871 


53 


6.847 






TOTAL 


628.728 


59 


10.656 






1 


• 








\ 



GRAND MEAN 



12.43 



VARIABLE ♦ CATEGORY 



ADJUSTED FOR 
INDEPENDENTS 
jCCJ*ARJAT_£S_ 
N DEV'N ETA DEV'N BET/ 



-UNA! 



ELECSCI 

0 NO ELECTIVE SCIENCE 33 -1.10 -0.41 

1 ELECTIVE SCIENCE ,27 1.34 0-50 

0.38 0.14 



MULTIPLE R SQUARED 
MULTIPLE R 



0.423 
0.650 



i 
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* 94 



if 



t 



' ' ' * * * v - <.: 

.' ' . * ' " TABLE 75 ' ' •' 

Sample Two Milwaukie High School Students .ANCOVA by 'Electing Science 
with Mathematics Achievement, Readirig Achievement, Language 
Achievement, Sex, and Age as Covariates 

SUM OF ' MEAN , ,, v . SIGNIF > 

SOURCE OF VARIATION SQUARES OF SQUARE ? OF F 

COVARIATES • 570.021 5 114.004 

CATMATH ' , 104.572 1 104.572 

CATREAD 9.317 1 9,317 

CATLANG k 5.974. 1 '5*974 

SEX . a 1 2.532 1 , 2.532 

ACE "[ » 0.238 1 ^233 




MAIN EFFECTS 12.468 1 12.468 

ELECSCI 12.468 1 1&468 

EXPLAINED , 582.489 ,6 97.0,81 

RESIDUAL 573.291 83 ' 6.907 

TOTAL . ^155.7^0 89 12.986 



16.505 


0.000. , 


15.140, 


0.000 


1.349 


0.249. 


- 0.865 


?.355^ 


0.367 


0.5*7 


0. 034 


0.853 


1.805s- 


oil 83 


1.805 


6.183 


14.055 


0.000 



t 



GRANO MEAN = .«.» ■ • ffigMi " 

, UNADJUSTED + COVARIATES 

VARIABLE + CATEGORY , • N OEV'N ETA OEV'N BETA 

v • • - ; 

ELECSCI 

0 NO ELECTIVE SCIENCE 58 -0.90 , -0.30 

1 ELECTIVE SCIENCE 32 1.62 0.55 s 
' * ' .• .0.34 , * 0,11 



t - 



MULTIPLE R SQUARED^, ' ' ' ' 

MULTIPLE R: .% ,'"*' " l " 



***** * ' . ;* \\\ 'v ; 



4s . «• 



ERIC 



/ *.M » ' • I \ ..... «^ ✓ . » »*\ 
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* ' t ' TABLE 76 ~ 

Sample Two Rex Putnam High School StiidentsyANCOVA by Ele&ing^ 
Sciejice with Mathematics Achievement, Reeding Achievement, 
Language Achievement, Sex, and age as Covariates * 



SUM CF MEAN SIGMf 

SOURCE^OF VARIATION SQUARES DF SQUARE F CF F 



COVARIATES 


853.207 


5 


171.641 


23. 


56b 


0.000 


CAT MATH 


SO. 248 


1 


80.248 


11. 


018 


0.002 


•CATREAD 


52.229 




52.229 


7. 


171 


0.010 


CATLANG 


13.232 




, 13.232 


1. 


617. 


0.183 


AGE 


4.100 




4.130 ' 


0. 


563 


0.456 


" " SEX 


73.294 




73.294 


10. 


063 


0.003 


MAIN EFFECTS 


0* 24.093 




24.093' 


3. 


308 


0.075 


ELECSC1 ■ 


2-+.093 




24.093 


. 3. 


303 


0.075 


EXPLAINED « 


882.300 


6 


i<»7.030 


20. 


189- 


0.000 


RESIDUAL 


386.028 


53 


7.284 


> 






TOTAL 


1266.327 


59 


21.497 









GRAND MEAN ^ 13.17 

, < . \ 

\ - J ••- ' 
VARIABLE + CATEGORY 

ELEC&I 4 

0 NO ELECTIVE SCIENCE 
K^Jl ELECTIVE SCIENCE . 

MULTiftrL^R SQUARED - 
MULTIPLE R 



ADJUSTED FCR 
INDEPENDENTS 
UNADJUSTED + COVARIATES 
N DEV«N ETA DEV* N BETA 



30 -2.53 -0,77 
30 2.53 0.77 

0.55 4 0.17 

0.696 

' 6.824 
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Tenth grade 

> 

Table 77 presents the results of an ANCOVA of the Sample Two 
tenth-grade student SPCT scores by electing science with mathematics 
achievement, reading achievement , language achievement, sex, and 4 
age as covariates* The unadjusted mean for all the tenth-grade 
students was ILiAQ. The unadjusted mean for the 7 students who had 
elected science was 13.29, and the unadjusted mean for the 23 
students who had nop elected science was 10.83. The difference 
between the unadjusted means was not significant at p ~ *05. The 
adjusted mean for the students who had elected science was 11.79, 
while the adjusted mean for the students who had no^elected science 
was 11.28. The difference between the^djusted means was not * 
significant at p £. # 05. ^ 

11th grade 

Table 78 presents the results of an ANCOVA of the Sample Two 

llth-grade student SPCT scores by electing science with mathematics 

v achievement, reading achievement, language achievement, sex, and 

age as covariates. The unadjusted mean for all llth-grade students 

was 11.84. The unadjusted mean for the 35 students who had elected 

science was 13.89. The unadjusted mean for the 55 students who had 

not elected science wds 10.55. The difference between the unadjusted 

means was significant at p* <.001. The adjusted mean for the 35 

students who had elected science was 12*63, while the adjusted mean 

'0 

for the 55 students who had not elected science was 11.33. The * 
difference between the adjusted means was not significant at p iL.05. 
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TABLE 77 

Sample Two Tenth-Grade Students ANCOVA by Electing Science 
v with Mathematics Achievement, Reading Achievement, 

Language Achievement^ Sex, and Age as Covariates 



SUM OF 

SOURCE OF VARIATION SQUARES 



COVARI ATES 
CATMATH 
CAT READ 
CATLANG 

SEX 
.AGE 

HA IN EFFECTS 
ELECSCI 

EXPLAINED 

RESIDUAL 

TOTAL 



DF 



190.256 
60.740 
.0.295 
0.060 
17.004 
14.573 

1.138 
1.136 



191.395 6 
187.804 23 
379.198 29 



MEAN 
SQUARE 

38.051 
60.740 
0.295 
0.060 
17.004 
14.573 

1.138 
1.138 

31.899 

8.165 

13.076 



4.660 
7.439 
0.036 
0.007 
2.082 
1.785 



SIGN1F 
OF F 

0.004 
6.012 
0.851 
0.933 
0.162 
0.195 



0.139 0.712 
0.139 0.712 

3.907 0.008 



GRAND MEAN 



11.40 



VARIABLE ♦ CATEGORY 



UNADJUSTED 
N DEV'N ETA 



ADJUSTED FOR 
INDEPENDENTS' 
♦* COVARIATES 
OEV'N BETA 



ELECSCI 

* 0 
1 



23 
7 



-0,57 
1.89 



0.29 



•0.12 
0.39 



0.06 



MULTIPLE R. SQUARED 
MULTIPLE R 



0.505 
0.710 
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TABLE 78 



Sample Two llth-Grade' Students ANCOVA by Electing Science with 
Mathematics Achievement, Reading Achievement, Language 
Achievement, Sex, and Age, as Cbvariates 



. SUM OF 

SOURCE. OF VARIATION SQUARES 


DF 


MEAN 
SQUARE 


F 


SIGNIF 
OF F 


COVARiATES, 
CATNATtf 
CATRcAD 
CATLANG 

• SEX 
AGE 


687.304 
43.250 
50.880 
9.708 
19.149 
1.777 


5 


137.461 
43*250 
.50.680 
9.706 
19.149 
1.777 


17.122 
5.387 
6.337 
1.209 
2.385 
0.221 


0.000 
0.023 
0.014 
0.275 
0.126 
0.639 


MAIN EFFECTS 
ELECSCI 


26.153 1 
■ 26.153 I 




28.153 
26.153 


3.507 
3.507 


0.0*65 
0.065 


EXPLAINEO 


715.457 


,. 6 


119.243 


14.853 


0.000 


RESIDUAL 


666356 


83 


8*026 






TOTAL 


1381 .8 13 


89 


15.526 







GRAND MEAN = 11.84 

VARIABLE ♦ CATEGORY 

ELECSCI - 
0 
1 



MULTIPLE R SQUARED 
MULTIPLE R 



N 



55 
35 



UNADJUSTED 
DEV'N ETA 



-1*30 
2.04 



0.42 



adjusted for 
independents 
♦ covariaTes 

DEV'N* 8 ETA 



-0.51 
0.79 



0.16 

0.518 
0.720 
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1 



12th grade 

\- 

Table 79 presents the results of an ANCOVA.of the Sample Two 
12th-grade students SPCT scores by electing science with mathematics 
achievement, reading achievement, language achievement, sex, and 
age as covariates. The unadjusted mean for all Sample Two 12th- 
grade students was 12*61* The unadjusted mean for the 47 students 
who had elected science was 14*34, and the unadjusted mean for the 
43 students who had not elected science was 10*72* The difference 
between the unadjusted means was significant at p <c*001* The 
adjusted mean for the 47 students who had elected science was 
13.08, while the adjusted mean for the 43 students who had not 
elected science was 12.09. The difference between the adjusted 
means was not significant at p 5: .05. 

Summary 

A statistically significant (p=.011) difference was found 
between the Sample Two adjusted SPCT mean scbres of students who 
had elected science and those who had not elected science. The 
students who had elected science had significantly higher SPCT 
scores than those who had not elected any science after the 
required year. / 

No statistically significant (p 5.. 05) differences wer^found 
between the adjusted means af students who had elected science and 
those students who had not elected science within each of the three 
schools. However, the unadjusted and adjusted mean scores of 
students who had elected science Were higher in evety comparison 

251 , 
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TABLE 79 

Sample Two 12th-Grade Student's ANCOVA by Electing Science with 
Mathematics Achievement, Reading Achievement, Language 
Achievement', Sex, and Age as Covariates 





SUM OF 




MEAN 




SIGNIF 


SOURCE OF VARIATION SQUARES 


DF 


SQUARE 


F 


OF F 


COVARI ATE St 


794.590 


5 


158.918 


22.512 


0.000 


CATMATH 


201 .656 


1 


201.856 


26.595 


0.000 


CAT RE AD 


43.866 


1 


43.666 


6.214 


0.015 


CAT LANG 


3.195 


1 


3.195 


0.453 


0.503 


SEX 


3.524 


1 


3.524 


0.499 


0.482 


AGE 


0.413 


1 


0.413 


0.058 


0.810 


MAIN EFFECTS 


16.884 


1 


16.884 


2.392 


0.126 


ELECSCI ' 


16.884 


1 


16.864 


2.392 


0.126 


EXPLAINED 


* 811.474 


6 - 


135^5^ 


19.159 


0.000 


RESIDUAL 


585 .908 


83 


7.059 






TOTAL 


1397382 


89 


, 15.701 






• 

GRAND MEAN * 


12.61 






ADJUSTED FOR 










INDEPENDENTS 






UNADJUSTED 


♦ COVARIATES 


VARIABLE ♦ CATEGORY N 


DEV 


•N ETA 


DEV*N 


BETA 


ELECSCI 












0 


43 


-1.89 


-0.52 




1 


47 


1.73 


0.47 


0,13 








0.46 





MULTIPLE R SQUARED 
MULTIPLE R 



0.581 
0.762 
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* # 

than the comparable mean scores of the students who had not elected 

/' * * 

science* The unadjusted means were significantly (p < .002) 

» 

different, in all three schools. The students who had elected 
science had significantly higher scores tljan the students who had 
not elected science, # . • 

No statistically significant (p i ,05) differences were found 
between the adjusted* mean scores of students who had elected science 
and those who had not elected science within each of the grade levels 
included within Sample Two. However, both the unadjusted and adjusted 
mean scores of the students who had elected science were higher at 
all grade levels than the comparable mean scores of the students who 
had not elected science. The difference between the unadjusted means 
was significant (p < .05) at both the llth-grade and 12th-grade 
levels. 
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Summary Discussion of Staple Two Findings 
The most consistent and frequent finding from the analysis of 
the Sample Two data was the very strong relationship that existed 
between academic achievement and science process skill competency 
as measured by the SPCT. Achievement in the areas of mathematics 
and reading had an especially . strong relationship. SPCT variance 
had greater percentages accounted' for by academic achievement than 
by any other variable. These findings are consistent with those from 
the analysis of Sample One data; reading achievement, however, was 
a stronger predictor variable in the Sample Two data than it was for 
Sample One. * 

Academic^ achievement , 

Mathematics achievement was significant (p — .005) and the most 
important predictor Variable in four of the iiritial regression 
equations, including the equation for the total sample; mathematics 
achievement accounted for an average of 44.38 percent of the SPCT 
variance w^en it was th£ most important predictor^ variable. Reading 
achievement was - significant (p <* .001) and the most important ^ 
predictor variable in the jother three initial regression equations; 
I reading achievement accounted for an ayerage of 42.53 percent of the 
variance when it was the'most important predictor variable. Language 
achievement did not accounj^for more than two percent of the variance 
in any of/the initial regression equations, but it did emerge as a 
significant (p < .005) predictor variable in three of the secdnd 
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regression equations after the initially strongest predictor had 
been removed . ' ' 

Type of Science 
First-Level 

The multiple regression results for the total Sample Two 
showed unified science to be a significant (p <.001) predictor 

variable accounting for 3.22 percent of the variance. The Science 

r 

(Unified) course at Rex Putnam High' School and Integrated Science 
course at Milwaukie High School were" both included in the unified, 
science variable for Sample Two data. This was the only significant 
first-level science course with a positive regression ^coefficient 
found in any of the initial regression equations. 

While unified science was, not a significant (p £.05) predictor 
variable with the tenth-grade Sample Two students, it did account for 
A. 92 percent of the SPCT variance. It should be kept in mind that 
all of the tenth-grade students in Sample Two were f rom- Hilwaukie 

High School. 

■« 

Earth and space science was a significant (p < .001) predictor 
variable with the llth-grade students\n Sample two and had a* 
negative regression coefficient. Earth and space science, which is 
only taught at Milwaykle High School, accounted for 2.92 percent. of • 
the SPCT variance- for the llth-grade students. 

No first-level science course was a significant predictor 
variable in the analysis of the total Sample .One data, Ttrts suggests 
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tjhe possibility that the unified science instruction at the required 
ievel either fostered greater retention of science process skill 
knowledge or provided more useful advance organizers than any of the 
other types of first-level science. 

SgCT 

SThe mean-SPCT score for all Sample Two students was 12.11, with 
maximum possible score of 24. The mean SPCT scores increased with 
grade level, as evidenced by means of 11.40 for the 10th grade, 
11,85 for the 11th grade, an^ 12.61 for the 12th grade. The SPCT 

' 9 

Subtest with the highest total Sample Two mean was Interpreting Data 
(2.61). The Subtest with the lowest Sample Two student, mean was. 
Modeling (0.92). These 'Subtest scores-Are consistent with the 
Sample Offe findings, • , ^ 

Sex ^ 

Sex was a significant (p <.001) variable in accounting ifor 
SPCT variance fox the tcrtal Sample T^o- data and for Rex "Putnam High 
School students. Sex was an especially strong predictor variable 
for Rex Putnam High School students, accounting for 6.67 percent of 
the variance. In both caqes, m^es had significantly higher scores 
than females. These findings are consistent with those from the 
analysis of the*Sample One data, even though the sex yariable was 
found to be, a significant variable less frequently with Sample Two 
students. «» 



234 

c Age*was not a significant (p £ .05) predictor variable 

) 

accounting for two or more percent of the variance in any of the 

Sample Two regression analyses* This finding was the same as that 

/ 
/ 

with the Sample One data, . * 
Schodl 

^The ANCOVA of SPCT scores by school found that Rex Putnam High 
School students had significantly higher scores than Clackamas 
(p*.004) and Milwaukie (p < .001) High School students. Thd findings 
indicate- that the science program cdmposed^of a first-level Unified 
Science course and elective courses at Rek Putnam High School 
developed higher levels of science process skill knowledge as 
measured- by the SPCT than did the science programs at Clackamas and 
Milwaukie High Schools. 

' Retention r 

* * • ** 

» 

No significant (p 2i .05) differences were found between either* 
the Unadjusted or adjusted SPCT scores of 'students at different grade 
lev^Ls who had elected no^^sbdJBIrt^e / af ter their required year. This 
indicates that there was a high level of retention of science process 
skill knowledge through the high school years. 

Elective science 

Multiple regression analyses found that the variable "elected 
science after the required year" was significant (p <.001) in 
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accounting for SPCT variance for the total Sample Two scores and 
for llth-gracle students. Having "elected science after the 
required year" accounted for 1*59 percent of the variance for the 
total sample and 4.82 percent of the variance for the llth-grade 
students* The scores of students who had elected science were 

>> 

significantly higher than the scores of those students who had not 
elected science. 

An ANCOVA found a significant (p^.Oll) difference between the 
total Sample Two adjusted mean scores of students who had elected 

science and those who had not elected science after the required 

* » 
year. The students who had elected science had significantly^ higher 

SPCT scores than did those students who had not elected science " 

after the required ^ear. 

No statistically significant (p ^.05) differences were found 

between the adjusted mean scores of students who had elected science 

/and those who had not elected science within each grade level 

included iti Sample Two. 

Amount of elective science 

At Clackamas High School, having elected two semesters of science 
after the required year was a significant (p < .005) # variable account- 
ing for 6.67 percent of the variance. At Milwaukie High School, 1 
having elected six semesters of science was a significant (p < .01) 
variable accounting for 3.01 percent of the variance. 
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No significant (p !£»05) differences were* found between either 
the - unadjusted or adjusted SPCT scores of Sample Two students at 
different grade levels who had elected one or more semesters of 
science. 

Courses "* 

Physics was a significant (p < .005) predictor variable for 

the llth-grade students in Sample Two and accounted for 2.51 percent 

of the SPCT variance. Chemistry was a significant (p < .001) 

predictor variable for Rex Putnam High School students in, grades 

11 anci 12. Chemistry at Rex Putnam accounted for 9.41 percent of 

the SPCT variance. Since biology' did not emerge as a significant 

(p < .05) predictor variable either as a first-level course 

(Sample One data) oivan elective course (Sample Two date) t the 

findings indicate, that the physical science courses wereVmore 

» 

effective in promoting the development of, science process skill ' 
competency than were the biological science cojurses. >% 

* , » 1 i 

Hypothesis Testing 
^ Hypothesis One 

Hypothesis one: Academic ability is' not a significant variable 
in accounting for -SPCT postfest variance as, .measured by 

a) Reading achievement- " / 1 i ' \ * s 
b> Language aphievement %t , . * 

'c) Mathematics achievement * 1 \ •' • 



.Hypothesis one was rejected • Mathematics 4 Achievement (JO erases) 
and reading .achievement (3 ewes) were statistically significant 
(p <.05) and the . most important predictor variables iji all 13* 
initial regression equations, produced from the' Sample One and Sample 
Two data. Mathematics achievement accounted for a low of 41.70 
♦percent and a high of 47.90 percent of the. valance in regression 
equations where it was the most important predictor vatiable* 
Reading achievement accounted for 32.98, 42.60, and 5Z. 00 percent 

of the variance in the digression equations where it was* the most 

* ( « 

infp6rtant ptedictor variable. . * * , \ , 

* > « v 

Language, achievement entered one initial regression equation as 

■ * >, * 

,a predictor variable, significant* at p <,G5« Language achievement 

■ v • \ ■ . " ■ , - .-I . •/ / 

significantly entered six 'of', the regression equations thatywere J 
generated after removal of the strongest predictor variable from the, 
initial equation. , ; ' * * 

• t Hypothesis? Two 

v \ if' 
Hypo thesis^ two: . Sex is not a .significant variable in accounting 

for SPC£ posttest variance.* * ^ * * . 

: . * *' , ■ 
Hypothesis two was rejected. Sex was a'significant (p <«05) 

\. ' - . ' \ 

Predictor variable, in three of the six initial regression equations 

* '> 

for Sample One* data. tSex wks a significant (p < .05)' predictor^ 

4 . » 

variable in two of the seven initial regression equations generated 
from Sample Two data, /in all cpses, male^had significantly fiigber 
• scores *than fetoales. the findings indicate that within the / 
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population investigated &ex was a more important predictor variable 
{or grade nine. than for any of the other high school grade levels. 
The findings also indicated that it was a mote important predictor 

variable for Rex Putnam High School students than for students at 

* , # 

the other two high schools. 

Hypothesis Three ^ \ 
Hypothesis three: Type of science is not a significant 
variable in accounting for SPCT posttest variance. 

Hypothesis .three was rejected. Students in all types of 
science achieved statistically significant gains (p < .05) between 
the SPCT pretest and posVtest. Rex Putnam unified science students 
wera the only Sample One students to-achieve significant gains on 
all six of thelSPC? Subtests. Effect size meanjf from Sample One 
data showed considerable variation. The mean effect sizes for the 
different types of science were 0.86 (physical science), 0.44 
(biology), 0*37 (earth and space), 0/27 (Integrated), and 0.71 
Cunif ied) . In the second regression equation for Milwaukie High 
School, Integrated Science entered as a significant (p <.001) 

0 

predictor variable Witfi ,a* negative reg^&ssion coefficient. For the 
"total Sample Two student scores, unified science was a significant 
(p <*?001) predictor variable* Earth and space science was in the 
initial llth-grflde regression equation with a significant < *00l5 
and ^gative regression coefficient!. 
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Hypothesis Four 

V 

Hypothesis four: There is no significant difference between 

** ** * 

the adjusted SPCT posttest means of ninth-grade and tenth-grade 
students. * 

Hypothesis four was rejected. An analysis of covariance of 

. ■ - t8fr 

SPCT posttest scores by grade level with the SPCT pretest, mathe- 
matics achievement, reading achievement, sex, and age as covariates , 

found significant (p < *001) differences. Tenth-grade students had 

* » 

significantly higher scores.* 

« 

Hypothesis Five ■ 
Hypothesis Five: There is no significant difference between the 
adjusted SPCT posttest means of students who have elected no science 

a£tbfc^feh*e required year and are one, two, or three years removed from 

f\ , ' 

* * m 

required science * 

Hypothesis five was not rejected. Analysis of covariance of 

the SPCT scores of Sample Two students who had elected no science 
«« * * 

by grade level with mathematics achievement, reading achievement, 
language achievement*, sex, and age as covariates found no significant 
differences' at p S .05. The ANCOVA procedure was conducted for each 
school (tables 66, 67, and 68), and, for the pooled Sample Two data 
(table 65) , V 
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Hypothesis Six 

i 

Hypothesis six: There £s no significant difference between the, 
adjusted SPCT posttest means of those students- who have elected 
science after the required year and are one, two*, or three years 
removed from required sciepce. 

Hypothesis six was not rejected* Analysis of covariance of 
the SPCT scores of Sample Two students who had elected science by 
grade level with mathematics achievement, reading achievement, 
language achievement, sex, and age as covariates found no 
significant differences at p i .05. The ANCOVA procedure was 
conducted by school (tables 70, 71, and 72) and with pooled Sample » 
Two data (table 69). 

For th$ pooled Sample Two data, the SPCT unadjusted means did 
increase with grade level, but the differences were not significant 
at p < .05. ^ 

» * 

• * 
Hypothesis Seven ™ 

Hypothesis seven:' There is no signif icant^dif f erence between 
the adjusted SPCT poattest means of students who have elected science 
after the required y^ar and students who have not elected science 
after the required year. * 

Hypothesis seven was rejectefd. Analysis of covariance of the, 
pooled SPCT scores of .Scample Two students electing science and those 
not electing science with mathematics achievement, reading achieve- 
ment, language achievement, sex, and agfe as covariates indicated a 
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significant .difference at p«.011 (table 73) favoring those students 

t e 

who had elected science* The ANCOVA by schools did not indicate 
significant differences between students electing science and those 
not electing science at p f .05 (tables 74, 75, and 76). However, 
in all schools both .the unadjusted and adjusted SPCT means of the 
students who had elected science were higher than the comparable 
means of those students who had not elected Science, In all schools, 
the unadjusted means of the students who had elected science were 
significantly (p < .002) higher than those of students who had not 
elected science. 1 

Hypothesis Eight * 

Hypothesis eight J There x is no significant difference between 
• * 
the adjusted SPCT posttest means of students who elected^ science 



after the .required year and students in the same grade-level who 
did not elect science after the required year. 

Hypothesis'' eight wab not rejected. Analysis of covariance of 
the Samp^Two grade level SPCT scores of Students electing science 
and those not electing science with mathematics achievement, reading 

/ ' ' ' 

ievement, language achievement, .^ex, and age as covariates *did not 
indicate any significant differences at p < 105 (tables 77, 78, and 
79)/ * 

At each grade level, both the unadjusted and adjusted mean 

f 

SGores of the students who had elected science exceeded the 
comparable mean scores of those students who had not elected science. 
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The unadjusted means of the 11th- and 12th-grade students who had 
elected science were significantly (p^.001) higher than the 
unadjusted means of thosie students who 'had Slot elected science* 

Hypothesis Nine v 
Hypothesis nine: There is no significant difference between 
the SPCT pretest/posttest effect size for the different types of 
science. 

Hypothesis nine was rejected. A chi-square test of the signif- 

icance of the deviation of the effect sizes (page 117) from the 

• * 
population effect size mean found significant differences at the 

0.05 level. The physical science (tenth-grade students) effect size 

was significantly higher than the mean of all effect sizes, and the 

* integrated science (ninth-grade students) effect size was sigriifi- 

\pantly lower than the mean of all effect sizes, 

- \ . - • 



CHAPTER V . • ' 

7 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The Study 

The purpose of this study, was to investigate the effects of 
type of classroom science, grade level where science was required, 
years without formal science instruction, and elective science 
coursers on the knowledge of selected science process skills of high 
school students. In addition, the study was designed to identify 
other program and learner variables important in accounting^ f or 
variance 1 on a test measuring the level of science process skill 
knowledge. ' - ' 

The population studied was tjie 3,777 students enrolled in the 
three comprehensive high schools of the North Clackamas School . - 
District in Milwaukie,' Oregon, Two samples were used for data 
gathering purpose's. Sample One was composed of ,.690 students in the 
ninth and tenth grades who were enrolled in their first year of 
high school science that would satisfy their graduation requirement. 
Sample Two was composed of a total of 210 students randomly selected 
in groups of 30 from each grade level in each high schoo^ 'following 
the grade level where* science was required, 
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• * * * 

' Science' process skill knowledge 'in the areas of Classifying) 
...Observing, Interpreting Data, Identifying Variables, Modeling, and 
Measuring was assessed by the administration of an investigator- 
developed Science Process Competency Test (SPCT) , ^ The 24~item, _ 
multiple-choice SPCT' contained six Subtests, one for each of the 

science process skill areas being assessed, 

♦ 

The academic achievjement level^of students in both samples in * 
the areas of reading, language, and mathematics was determined by 
the use of scores from school district-administered California 
Achievement Tests (CAT) , Additional student information was 
collected by Investigator pefusal of student cumulative .records aind -» 
from several questionnaires completed by students. Teacher informa- 
tidn'was obtained by m^ans of two questioi^naires completed by 
teachers. 

The data were gathered during the 1981-82 school year. Sample 
One students were pretested in September and posttested in May with „ 
the SPCT; student questionnaires were completed concurrently with 
the pretesting and posttestin&. Data were gathered from Sample , 
Two students through 'May posttesting and concurrent questionnaire 
completion. 

« * 
The data were analyzed primarily by the use of program^ contained 

> within th6 Statistical Package for the Social Sciences (SPSS) • Data 

were subjected to treatment^ and analysis by means of correlation, 

multiple regression, pairfed t-test, analysis of variance, and 

analysis of covariance. Effect size computations were also' used to 
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assess the educational * significance of the SPCT pretest/posttest 
gains in the various groups contained within Sample One* 

Findings 
Hypotheses 

A detailed discussion of the testing of hypotheses is found on 
pages 236-242. Nine null hypotheses were tested, each of which is 
stated in this subsection along with brief comments summarizing the 
results of the testing. 

Hypothesis One ; Academic ability is not a significant variable 
in accounti ng fo r SPCT posttest variance as measured by (,a) reading 
achievement^ (b) language achievement, and (.c) mathematics achieve- 
ment. < * 

Hypothesis one was rejected, the multiple regression results 
on pages 122, 126, 130, 138, 142, 147, 171, 175, 179, 183, 189, 192, 
and 196 show that mathematics -achievement (12 times), reading 
achievement (7 time^jT^d language achievement CL time) were 
significant (p <.01)' variables in accounting for SPCT posttest 
variance-. 

Hypothesis Two : Sex is not a significant variabl^ in accounting 

! 

for SPCT posttest variance.' 

Hypothesis two was rejected. The multiple regression results 
on pages 126, 142, 147, 171, and 196 ahow, that sex was a significant 
(p <.001) variable in accounting for SPCT posttest variance. In all 
cases, -the sex variable favored male students. 



Hypothesis Three ; Type of, science is, not a significant variable 
in accounting for SPCT i>osttest variance % 

Hypothesis three was rejected, / The multiple Regression results 

found on page 171 show that for the total Sample Two student data, 

■ \ 

, » ' \ 

Uni|led/tntegrated Science was .a significant (p < t 001) and positive 

variable in accounting for SPCT posttest variance . Earth and Space 

Science, as shown in the multiple regression results on page 179, was 

a significant (p x^.OOl) and negative variable in accounting for the 

SPCT posttest variance of Sample Two llth-grade students. 

Hypothesis Four : . There is no significant difference between the 
adjusted SPCT posttest means of ninth-grade and tenth-grade students. 

Hypothesis four was rejected . The analysis of covariance 
results on page\l55 show a significant £P < ,001) difference between 
the adjusted SPCT scores of ninth-grade and tenth-grade students. 
The' tenth-grade students' had significantly higher scores. 

Hypothesis Five : There is no significant difference between 
the adjusted SPCT posttest means of students who have elected no 4 , 
science after the required year and are ofce, two, or three years 
removed from required science* 

Hypothesis five was not rejected. The results of ,the analyses 
of covariance on pages 207 through 2ip show no significant (p £ «05) 
differences between the scopes of students who had elected no s ? 
science and were- one, two, or three years removed from required 
^science, ■ • * * ( 
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. '' Hypothesis Six ; There is no significant difference between the 

_ .' ( . ' . 

adjusted SPCT posttest means of those students who have elected 
science after ; the required year and are one, two,' or three ye^r/fe 
removed from_ required 6ciencB t 

Hypothesis six was not rejected-. The results of the analyses 
oi (^variance on pages 214 through 217 show no significant Cp S.t05) 
differences between the scores of students who had elected science 

4 

after the required year Ad were one, two, or three years^femoved 
from required science* ' „ . . 

Hypothesis Seveti ; There is no significant difference between-, 

* V 
the adjusted SPCT posttest means of studefits who have elected science 

after the required fear and students who hifve not* elected science 

~aftef the requirecT year 7 

9 

\ • Hypothesis •s'even was rejected, v The results of the analysis of 
. covariance of the pooled Sample Two student d&ta on page 221 phow 
| a significant (p-.Oll) difference between the Scores of .those students 
who had and had not elected science after the required year. The 
students who had elected science had significantly higher 'scores.' 

Hypothesis Eifiht : There is no significant difference between th$ 
'adjusted SPCT posttest means of students who elected science after 
the required year and students in the same grade level who did not 
electf science after .the required year. 

Hypothesis eight was tiot*rejected< The results of the analyses 
of covariance on pagfesj 226, 227, and 229 show ho significant (p<.05) 
differences between the fccores of students at the same grade le^yel 
who had elected and not >4Cct£d science after the required year. 

• . ■ ■ c r 




\ W 248 

Hypothesis Nine ; There ta no significant difference between 
the SPCT pretest/posttest effect size for the different types of 
science «. 

Hypothesis nine was rejected. The effect sizes on page 117 
were tested for significant (p < ,05) deviation from the population 

effect size mean by application of a chi-square t^st, Two effect 

o 

sizes were found to differ significantly, The Clackamas tenth- 
grade Physical Science grobp was significantly higher than the mean, 
and- the Milwaukie ninth-grade Integrated Science group was signif i- 
cantly lower than the mean* 

Program Variables 
School. aclence^o^i^iiiJMri^les-th^ .wer£_inra&tig^d^er£ — _ 
type of science, grade level where science was required, and the 
elective science courses. 

Type of science 
Pretest/posttest gains 

Sample One students in all types of first-level science used in 
the three high schools had significant (p < .05) gains from the SPCT 
pretest to the SPCT posttest (pages 108-115). The mean absolute gain 
on the 24-point SPCT for^all Sample One .students wafe 2,02, wThe 
largest absolute' gains, 2,65 and S,24, were made^by the ninth-grade 
and* tenth-grade Physical Science students, .respectively, at 
Clackamas High Schools The .smallest absolute gaifi was. 1,09 by 
Integrated Science students at Milwaukie High School. Descriptive 

* * 

statistics are on page 105, \ 




Pretest/posttest Subtest gains % 

The average number of SPCT Subtests where significant (p < t05) 
gains were made by the eight groups in Sample One was 4.13 
(six subtests) . The only type of science where students made 

<9 

significant gains on all six Subtests was Unified Science at Rex 
Putnam High School. The type of science *with' the fewest significant 
gains, one, was Integrated Science at Milwaykie High School. The 
paired t-tests for the Subtests are on pages 108-115, 

Effect sizes 

five of the groups^ in Sample One, showed effect sizes (page 117) 

. that would be considered latger than average and comparatively large 
when compared to those reported in the literature; The four largest 
effect sizes were found in two types of science. The Clackamas 
ninth-grade and tenth-grade Physical Science groups had effect sizes 
of 0.82 and 0.90, respectively; the Rex Putnam ninth-grade and 
tenth-grade Unified Science groups had effect sizes of 0,68 and 0.74, 
respectively. The other effect size considered above average was ^he 
0.51 of the Clackamas tenth-grade Biology group. 

Accounting for SPCT posttest variance * 4 

Multiple regression analysis (pages 171 and 179) showed Unified/ 
Integrated Science to be a significant (p < ,001) and positive 
variable in accounting for Sample Two SPCT posttest variance and 
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Earth and Sppce Science to he a significant (p < ,001) and negative, 
yariable in accounting for SPCT posttest ^variance of Sample Two " . 

.ilth-grade students f v 

& • i 

Grade Level Where Science Required 

The SPCT pretest means for Sample One students who were entering 
higji school science for the first time 'were 9.76 for teqth-gr^e 
students and 9,44 for ninth-griade students. The unadjusted SPCT 
posttest means for these same students were 12.06'for the tenth- 
grade students and 11 .18 for ninth-grade students. Descriptive * 
statistics are on page 105, / : 

Analysis of covariance of SPCT posttest scores by grade level 
v ■ 
with mathematics achievement, SPCT pretest, reading achievement, age, 

and sex. as co^ariates indicated significant (p < <001) differences * 

between the adjusted x SPCT posttest scores of the ninth^grade^ and 

tenth-grade students *{jpage 155) . Tenth-grade students had . ' m 

significantly higher scores. This is consistent with the findings of 

./ Pettus and Haley (1980), who reported mean scores on the Test of 

Science Processes (TOSP) increasing with grade level, but- contrary 

to'tfie other- findings reported in the literature. 

\ Elective Science 
*- * ' > 

<< ■ ' ♦ - > ' ' '* > > — 

All data relative to the effect of elective science courses on 

• process skill knowledge were Sample Two data. Unadjusted and adjusted 

SPCT. scores of students who had elected science, were in all cases;^J 

(comparisons by grade -level, school, *and pooled data) higher than the 
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comparable scopes *of students vho had not elected science, These r / 'i 4 



* * comparisons can he;f0fcnd on pages 221^ 222, 223 1 224, 226, 227/ ; ' '] * i' , .~J 

and 229, fthile^ the analysis of covariance found no -significant* - . '*} v * • 

, (p <.05) differences between the ad jus ted, post test* scopes of the - , # ^ 

students whjj ha<T jEuad- had not elected sQi&ice within schools (p^ges t 

/ ' ■ • ' . " ' . • * • : 

222 through 22£) -or.gracje levels {pages ?26, 227, and 229. a signifir . , ' /( V"" 

cant (p*«.0li)' difference 'was found when the Sample Tvp data Here 

pooled (page *221)*. 11 The students who had elected science; had / *> 

-Significantly higher scores. This finding is consistent with one r t " \ 

•.reported by ?$ttus and Haley (1980), who found mean.scfcre^ oh the - " * , '* 

*' • '> • * . - ■ ' k ' ^ * ' '1 J 

TOSP' increasing with the numb t er*of science courses taken, * v. 

1 .I^-i's pbssible that an SP'CT ins J:ruIDent:' , - , ceiling effect^ lJbited 

" the scores /for - some of tlie Rex Putnam High Sphool stu36nts who had: ♦ • ' - \ 

* ^ -elected scienqe/'. Thkjb possibility iS indicated by' the relatively ' ^ »*\ , ^ ^ 

high.tmadjusted mean of 14,70 for .these st(fdent6, ^t- is .th^foi;e. J 1 * - ■ V * \ 

•possible that significant .differences existed within ^ex/TP^^ 51111 Hi 8 h 

School v that J were* ma-sked by fn^trimient limitation?*- r - / 

.Th^ results o£ the mult iple> regression analyses of Sample Two v , 

'0ata showed "elective science" §s a significant (p < .1301) and 1 //» 

positive variable in acpounting for SPCT'posttest variance, for .the' , 

pboled Sample Two data (page 171)/ and fpr llth-grade' students ,\ - 

> (page-.179). Two semesters^ of ?le£tive Science w^s * significant » • 

(p <.005) variable in Accounting for 'the SPCT postte^t.^riante a*t ' , 

' ' Clackamas High-^chobl. (p'ag^ 1891' and s'ijc'sefiiesters of elkc%ive science 
«• . ♦ * * * - . 7 ' » ' ' f * p< 

^a significant (p < ,0lX- varidbie *in' accounting «br SfCT^sttest • 
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varianpe at MilwaukiS High Sch$>ol (page 192) ^ v The only specific 

* 4 o • 

elective science courses to emergfe as significant variables in 

'■ * * 

'afcctounting JEor "SPCT posttest variance were Physics (p < »005) for 

- ♦ 

the. JltH^tade (page 179} and Qhemi&try *(p < ,001) at Rex Putnam 
High School (page 19,6), * * - ' '' 

4 / Student Variables 

Academic Achievement * ' i 

J • ; t . " * 

Sample One 

For Sanjp#£' One data, mathematics achievement was the" significant 

\ 

variab^^Tp «^.001) accounting for the,most 'posttest variance in all 

wltiple regression equations. . Mifltiple regression analyses were 

0 

conducted by school (pages I38, e l42, and 147), grade level (pages -i- 
126 and 130), and for pooled data (page 122)* Reading achievement 
was also a significant (p«< .001) variable for fcenth-grade students 
.(page *130) and Rex Putnam High School students (page 147). Language 
achievement was a significant (p <. .001) variable in accounting for 
the posttest ^ari,ance of Milwaukee High School students (p a 8 e ^2) • 



Samplp Two ^ . - 

" * , '* ' , 

For Sample Two stadents, mathematics achievement was the signifi* 

* * 
variable accounting for the mpst posttest variance in 

.tfoiir of the initial regression equations 1 (pages .171^ 175, 183, and 

192), and reading achievement was the significant (p < «001) variable 

accounting for the most posttest* variance in the other three initial 



regression ^equations (pages }79, 189, and 196), 
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Both reading ^achievement (pages 171 and 183) and mathematics 
achievement (pages 189 and 196) entered regression equations as 
significant (p is#M.) variables in situations where they were not 

the most important variable in accounting for SPCT posttest variance t 

\ 

Sample One and Sample Two - ^ ^ 

^Mathematics achievement was the most important variable in \ 

• accounting for SPCT ppsttest variance in ten initial, multiple 

regression analyses. The average percentage of the variance 

accounted for by mathematics achievement was AO, 87 percent t 

Reading achievement was the most important variable in the, other 

three cases. The average percentage 'of the SPCT posttest ^variance 

accounted for by reading .achievement Was* 42. 53 petcenfr, Reading 

achi^rtj^t was a significant variable in accounting for posttest 

varian^^ff/four other cases, while mathematics 'achievement was a 

significant variable to accounting for posttest variance in two 

other regression analyses. Language, achievement was a significant 

. *> • 

variable in one case only. • 

^ . These findings are consistent with ,those reported in the * 

literature, but represent 'soptewhat xhigheir positive cbrrelations and^ 

' . % * ~ ' : ■ . / ' 
percentage of the variance accaunted.for.^ 

Entry Level Science Process Skill Knowledge^ 
' The meart scierfde proems, skill knowledge level,, as measured by 
. the SPCT, of students who were entering their first year of high * 
school science was, 9. 59. The mean SPCT sdore for ninth-grade • 
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students wa£ 9.44, while the mean SPCT score for tenth-grade students 
was 3.76. The ninth-grade mean for comparison purposes ia somewhat 
^artificially elevated, while the tenth-grade wean is similarly 
depressed. .This is because 35 ''percent, o^ the ninth-grade students, 
those from Clackamas" and Hex Putnam Higji Schools, are "selected" high 
achieving students who ate taking their required science a year 
earlier than their peers,* Thesfe select students had an* SPCT pretest 
mean Jpf 11,09, compared'to'an SPCT pretest mean of 8.54 for the 
retoairtder of the ninth-grade students, which included the highest 
Achieving ninth-rgrade students from Milwaukie High School, The 
tenth-grade Students taking their first year of high School sfeience 
did not have the scores of ' approximately 120 high-achieving* tenth- 
graders included^ becadfee they had completed their required science 

a year earlier. % , * 

•>* . * 

•SPCT pretest score was the second most important variable in 

accounting for SECt posttest variance of Sample/One students in all 
^x* multiple Regression analyses (pages 122, 126, 130, 138, 142, and 

147). SPCT pretest score was always a significant (p< *001) 
.variable and adeoiinted for 5 an' average of 7.93^percent of the variance* 



. ' 9 

Age 

♦ * 4 



Age- was? not found to he a, significant . (p < ,05) predictor 
variabl«^accoitnting for two percent or )( ^r^,qfrtik e|, S? CT * n 
either Sajnple One or Sample Two< This finding is in ^oe^t^g^eeioent 
with those reported. In. the litferature, vfcerfe only orte..s£udy Reported , 
dif f ference^thin^the -high -school years* / ■ ; ^ .« ;' \ " 
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4 Sex 

Sample One 

S'ex was a significant (p < .001) variable in accounting' fbr* 
SPOT pattest variance for Sample One nintlv-grade students (page , 
126) , Milwaukie High School students (page 142) , and Rex Putnam High 
School students (page 147), In all cases, males had significantly 
higher scores than females, i 

Sample Two 

♦ - * 
Sex yas a significant (p ^.001) variable in accounting for 

SPCT variance of the Sample Two pooled data (page 171) and the Rex 

Putnam High School data (page 196). In all cases, males had 

significantly higher scores than females, * , 

♦ 3 . 

/- > ; 

Sample Otie and Sample Two 

Sex \as a consistent significant variable in accounting for 

SPCT/po$ttest Variance of Rex Putnam High School students, In 

addition, it was p significant variable in three other cases — 

£^ample One ninth-grade students-, Sample One Milwaukie High School 

students, and polled data for Sample Two students ♦ In all ^five v cases 

males had simLficantly higher scores ^an females, The sex variable 

accounted, fox/an average of 2.68 / percent orsthe variance. 

This finding is in ' gener^^s^^^^ those reported.^in the 

literature* especiall#"with £he meta-analysis findings of Kahl, 

Fleming, and Malone (1982*; , 
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Conclusions and- Recommendations 
The reader is Reminded that the conclusions that follow were 
based upon data gathered in the high schools of % the North Clackamas 
School 'District, and even though the findings from this study are 
for the most part consistent with the findings reported in the 
literature, the conclusions and recommendations contained in this 
subsection are not proposed" as being applicable^outside the 
population studied, 



0 



Conclusions * 



1. The most important variable in accounting for the science 
process skill knowledge as measured by the SPCT was level of 
academic achievement . This was true at all grade levels ai^fTin all 
schools. The most powerful specific predictor variable was mathe- 
matics achievement, followed closely. by reading achievement, This is 
in agreement with the findings reported in the literature, , 

i. Tenth-grade studei^s aer a group -had^signif icantly higher 
levels of science process skill knowledge as measured by the SPCT 
at the end of the required $ear of science than did ninth-grad^ 
students as a group. This is contrary to the findings reported in 
the literature. Ninth-grade students with high levels of academic 
achievement, however, left the year'of required science with levels of 
science process skill knowledge comparable or superior to tenthVgrade 
students % r 
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3. The completion of one or more additional ^rears of bigl^ 
sclpol science instruction after the required year! significantly 
increased the level of science process skill knowledge as measured 
hy the SPCT t This is in agreement with the findings reported in the 
literature t * * * 

4. There was no significant loss of science process skill : 
knowledge as measured by the SPfcT during the high school years 
following the year in which required science was completed t No * 
comparable research findings were located in the literature, 

5. There w<*s no significant gain in science process skill 
knowledge as measured by the SPCT as a result of having completed two 
or three years of elective science courses » There were an insufficient 
number of reported findings in the literature to establish a pattern, x 

6. Physical science elective courses Ce.g,, chemistry, physics) 
were more effective in increasing science process skill knowledge as 
^measured by the SPCT than*were biological science courses, The 

literature contained an insufficient number of comparative research 
. findings to establlsl^^patt^rn, • # 

7. Students who did not elect any -science after, the required 
year left high school with relatively low levels of science process 
3kill, knowledge as measured by the SPCT, This was true in all .three - 
schools* While no measurements were made in the. process skill A < 
competency areas of Experimenting and Coumunicating, it, is reasonable 

to infer that these areas were also relatively low* because of their' 

f * a • 

subsuming relationship^) the more K^a^c scienfcfe process skills 
assessed ♦ / \ 



ERIC ** f) r * * . '\ 
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8. The Science process skill competency concerned with students 
being^ able to recognize and use scientific models vas not being 
effectively addressed by existing first-level science courses* 

i 

9. The Physical Science course at Clackamas High School and 
the Unified Science course at Rex Putnam High* School more 'effectively 
addressed the science process skill competencies than did the other , 
-first-level science courses in the school district, . 

10. The amount of variation in science process skill knowledge 
as measured by the SPCT that could be accounted for on the basis of 
sex waq small" (e,g,, two to three percent) and consistently favored 
males,. This is in general agreement with findings reported in the • 
literature, and especially consistent with the meta-analysis findings. 

11. Age, when treated separately from grade level, was not a • 

significant variable accounting for two percent or more of the SPCT 

\ 

variance in eifher Sample One or Sample Two.- This is in agreement 
with high school level findings reported in the literature. 

12. The science program (Unified Science course plus elective 
science courses) at Rex Putnam High School produced students with 
significantly higher levels of science process skill knowledge *as 
measured by the SPCR than did the programs at the other high schools. 

13. The required- science programs at Rex Putnam High School and 
Clackamas High School produced students with significantly higher 
levels of science process skill" knowledge as measured by the SPCT 
than. did the required science program at Miljpukie High School. 
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14, The declared teacher emphasis on the science process 
skills showed a' strong relationship to student performance on the 
SPQT. This' is in general agreement ^ith tfie findings reported in the 
^ literature. ' 1 ' 

Recomnreijdations 

li Since the most important student variable associated with 
9 Science process, skill knowledge was the lev^l of academic achieve- 
ment, it is ^ecommeridfed thdt the school district continue to increase 
its 4 emphasis on basic. skill development at all grade levels. In 
addition, it is * recommended that science instruction in the high 
schools be designed to concurrently .emphasize and strengthen basic 1 
skill development in students, especi^l^y. in the a^eas of mathematics 
and reading.* Appropriate inservice education activity should be 
undertaken to facilitate thq implementation of this recommendation t 

2. Since tenth-grade students as a group achieved higher levels 
of science- process skill knowledge than did ninth-grade, Students f 
'during tfte required year of science, it is recommended that the 
required year of science be designated at grade ten in all buildings. 
It is also recommended that provisions be made for ninth-grade 
students with high levels of academic achievement to complete their 
required 'science during grade nine. v This would provide them with 
the maximum opportunity €o take advantage of the elective scifence 

j/ 

program within each building. 

3 % Since £he completion of one or more years of high school 
* scienqe after the required year resulted in significantly higher 



m levels of science process skill knowledge and students who haver left 
school with only* one year of 'science had relatively low levels of 
science process skill knowledge, it is recommended that two years of 
science be required dtiring high schodl. 

, - k * . - 

A. It is .recommended that inservice training in the science 
process skills be implemented for all high" school science teachers. 

The ih^ervice design should* include provisions for. instruction 

*' V ... , , l j . t % 

directed towards* in.cre&'sing the level of teacher understanding of 

* ' ; ■ • * • •.*•«•" 

the science process skills, instructional .strategies appropriate 

9 * » "** 

far teaching the varibus' science process skills, and evaluation 

techniques for, assessing the level of science process skill knowledg 

* ' *' r * ' r 
of students." The science process skill with the highest priority ' 

.* *. , » ' * *. ' ■ 

within the inservice structure should be MQdeling. 

# * , * v v ' ' ' • 

5. \ Since -the Milwaukie High School required science program- 
, was signif icaatly, less effective than the prQgrams in^he other ttoo 
schools in terms of studerib posttest levels of science process skill 
knowledge, it is recommended that the program be closely examined in 
terms of year*that science is required, emphasis on the science 
process skills, ajid instructional strategies used for teaching the 

* science process 'skills and changes implemented tQ improve the level 
of science process skill knowledge, being attained 'by students. It 
is further recommended that the SPCT be used as one of *Jie criteria 
forjudging the effectiveness of { any changes that Are made in the, 
program. V - . > . . * 0 . 
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6. In order to facilitate the design and 'implementation of \ 
instruction and the evaluation of learning outcomes in the science 
process skills, it is recommended that the district' adopt defini- 
tions for the science process skills included in the minimum 
competencies and revise the science process skill cdmpetency^ state- 
ments in order to: V i 

t / a) Avoid including two or more different process skill 

competencies (e.g., make laboratory observations and make inferences 
from these observations}/ within a single .competency statement j 

b) Avoid competency statements that spe6ify one learner 

action (e.g., fit an object into a scientific classification scheme) 

/ . 0 ' - t 

and accompanying sample performance indicators 'that specify another t 

action (e.g., Revise k classification scheme) I 

* 

c) Include .sample performance indicators in a general 
science context as well* as in the context of each of the* types *of | 

* ' ' i 

science being used at the required*' science level * 1 

7. It is recommended that the district continue 'to use the 4 
SPCT as a measure of science process skill knowledge* and strive to ? 
improve the district's science program until £he mean for students 
completing 4;heir required year(s) of science in each building and the 
district as a whole- reached a . minimum of 12.00. . * 

8. It is recommended tljat the school district consider the use 
of this study as a model for evaluation of the level of student^ 
achievement and instructional programs in the high school level 
minimum competencies in other^/areas of tjhe curriculum. 
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SPCT, Instrument 

The SPCT m^y he worthy of further v development, baaed upon its 
^relative freedom from questions cast in a single science content, 

6 ' 1 ' 

range of appropriate grade levels, apparent external validity, and 
acceptable level of reliability. 

The following represent potential activities in the further 
development and/or, use of the SPCT instrument. 

1. Increased use df * the instrument, especially outside of the 
North Clackamas School District, in order to establish norms. 

2. Expansion of the instrument to include Subtests measuring 

f 

science process skill knbwledge in the approximately 15 science 
process skills generally acknpwledged as 'appropriate learning out- 
comes for high stfhool science programs. 

-3. Item and factor analysis procedures with appropriate revision 
in order to strengthen the ability of Subtests to effectively 
measure the level of knowledge in the science process skills ♦ 

4. A study to determine the correlation between student scores 
on the SPCT and its Subtests and student performance of the same 
skills "in the laboratory setting. 

5. Investigation of a possible "ceiling effect" fop more able 

students. 

**' * 

6. Investigation of possible reading level limitations' for { m 
less able learners. , 



4 O } y*, ^ 
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Desirable Studies 
The review of the literature produced a rather surprising 
dichotomy relative to science process skill learning outcomes at 
the high school level,* It was apparent that science process skill 
learning outcomes are being promoted as highly valued, but it was 
also apparent that there is a' paucity of published research relative 
to the teaching and learning of science process skills at the high 
school level ♦ There is, therefore, a hi£h priority need for research 
directed toward providing greater understanding of the teaching and^. 
learning of ^science process skills in high school science, Tpe need 
is especially great in the area of instructional strategies and ^ 
during the required year(s) of science. 

The importance of type of science in the teaching and learning , 

\ 

of science process skills is still very much an open question. 
Variation in emphasis on the science process skills, science process 

skill knowledge of teachers, instructional strategies, use of the 

« / 

laboratory, and a number of other teacher-related variables combine 

with student differences in academic ability, beginning level of 

f * 

science process*skill knowledge, stage of cognitive development, , 

and oth&r variables to require carefully controlled experimental , 

studies, which at this' time appear to be extremely limited. 

The effects of teacher inservice on. student learning outcomes 
in the Science process skills is ath area of major importance to school 
districts desiring to improv| the science process skill knowledge of 
their students. *This would be an especially appropriate study in the. 
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North Clackamap School District, where baseline data for student 
science process skill knowledge without teacher inservice training 
are now available. 

.The retention of t science process skill knowledge by students 
is a basically , unexplored .question at^Ue high school level. The, 
findings of this study appear to be the onjy results available r 
at this time. Another question of interest is the usefulness of the 
science process skills, especially outside of formal science instruc- 
tion. • * ' 

Much needs to be done in better understanding the nature of the 
individual science process skills in relation to* the readiness and 
limitations of the high school age learner, as well as strategies 
appropriate for teaching the skills, A fundamental question worthy 
of investigation is the comparative effectiveness of science, process 
skill instructional unitfe and science process skill instruction by 
means of infusion- . Mijch of the knowledge that currently is avail- 
able 'in these areas is reported under the general heading of 
developmental psycholpgy, learning theory, or related titles. 
Consolidating and expanding the existing knowledge arid then reporting 
it* in rejDation to the science process skills or individual science* 
.process s^lis ifould be a most useful and^ welcome endeavor "in the 
science education community, ' * 
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